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Abstract I 
 
Abstract  
This thesis examines the material correlates of religious behaviour.  Religion is an important part of 
every culture, but the impact religion has on structuring material culture is not well understood.  
Archaeologists are hampered in their reconstructions of the past because they lack comparative 
methods and universal conventions for identifying religious behaviour. 
The principal aim of this thesis is to construct an indicator model which can archaeologically 
identify religious behaviour.  The basis for the proposed model stems directly from recurrent religious 
phenomena.  Such phenomena, according to anthropological and cognitive research, relate to a series of 
spatio-temporally recurrent religious features which relate to a universal foundation for religious 
concepts.  Patterns in material culture which strongly correlate with these recurrent phenomena indicate 
likely concentrations of religious behaviour.  The variations between sacred and mundane places can be 
expected to yield information regarding the way people organise themselves in relation to how they 
perceive their cosmos. 
Using cognitive religious theory, stemming from research in neurophysiology and psychology, 
it is argued that recurrent religious phenomena owe their replication to the fact that certain physical 
stimuli and spatial concepts are most easily interpreted by humans in religious ideas.  Humans live in a 
world governed by natural law, and it is logical that the concepts generated by humans will at least 
partially be similarly governed.  Understanding the connection between concept and cause results in a 
model of behaviour applicable to cross-cultural analysis and strengthens the model’s assumption base. 
 In order to test the model of religious behaviour developed in this thesis it is applied to a 
regional archaeological matrix from the Blue Mountains National Park in New South Wales, Australia.  
Archaeological research in the Blue Mountains has tentatively identified ceremonial sites based on 
untested generalised associations between select artefact types and distinctive geographic features.  The 
method of analysis in this thesis creates a holistic matrix of archaeological and geographic data, 
encompassing both qualitative and quantitative measures, which generates a statistical norm for the 
region.  Significant liminal deviations from this norm, which are characteristic indicators of religious 
behaviour are then identified.  Confidence in these indicators’ ability to identify ceremonial sites is 
obtained by using a distance matrix and algorithms to examine the spatial patterns of association 
between significant variables. 
This thesis systematically tests the associations between objects and geography and finds that 
a selective array and formulaic spatiality of material correlates characteristic of religious behaviour 
does exist at special places within the Blue Mountains.  The findings indicate a wide spread if more 
pocketed distribution of ceremonial sites than is suggested in previous models.  The spatial/material 
relationships for identified religious sites indicates that these places represent specialised extensions of 
an interdependent socio-economic system where ceremonial activity and subsistence activity operated 
in balance and were not isolated entities. 
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INTRODUCTION 
 
I  Religion and Archaeology 
This thesis works towards the archaeological recognition of religion.  It includes a theoretical basis, 
models and methods to identify religious behaviour from data in material culture, and conventions 
about necessary definitions. 
Religion is one of the prime influential forces in social organisation and an inalienable 
component of cultural matrices (cf. Bell 1992, 1997; Bourdieu 1977; de Polignac 1984, 1994; Derks 
1998; Drennan 1976; Levy 1982; Marcus 1978, 1983; Marcus and Flannery 1994; Morphy 1995; 
Rappaport 1999; Renfrew 1994a, 1998; Spiro 1966).  Every person is confronted with things outside of 
the secular realm that they do not understand.  People incorporate things they do not understand in 
ways that they do understand. 
Perceptions impact on behaviour.  In order to function in the world, humans have to organise 
their understanding of it.  That organised understanding of the universe is called the cosmos.  People 
organise their material culture to conform to their cosmos.  The way people organise their material 
culture links their physical reality to their perceptual reality (cf. Renfrew 1982, 1985, 1994a, 1998).  
Everything people do, including their material culture and the way it is organised, are conditioned by 
both their cosmos and the physical and perceptual worlds, and as such contain information about them 
(cf. Childe 1949:6–8; Rappaport 1967:237). 
People are not simply products of their environment, they actively engage socially with their 
surroundings.  Religion is universal within social culture (Rappaport 1999:1; Trigger 1999:139), so it 
has an impact on material culture universally.  An understanding of the (material) past is simply not 
complete if it lacks the role religion plays in structuring the past (cf. Alexander 1979:215; Bradley 
2000:42; Clarke 1977:27–28; Derks 1997:126–130, 1998:200–212; Jochim 1998:215–224; Levy 
1982:Preface; Renfrew 1993:249–250, 1994a:47–51). 
Despite these facts, archaeologists have not agreed upon a clear theory, model and 
methodology for identifying and utilising religious material in their various spatial analyses.1
Even where it is realised that something unusual has occurred, and that it requires 
explanation, it is common for every other possible interpretation, however unlikely, to be 
put forward, provided it makes sense in terms of accident or functional utility, while the 
possibility [the more highly probable] that it should be interpreted as yet another 
  As the 
adroit Witter (2000:12) has recently stated the case for archaeology in Australia: 
There is not available a standard archaeological methodology to identify Aboriginal 
ceremonial sites, nor the camp grounds which may be associated with them.  
 
In the absence of standard methodology, archaeologists left to their own devices create methods to 
identify material evidence of religious behaviour (cf. Fagan 1998).  This makes for plausible 
interpretations but renders comparative analyses difficult, if not impossible.  In the worst case 
religion is such a pejorative term that it is purposely left alone (cf. Dark 1995:144–145; Orme 
1981:218).  As Merrifield (1987:1–2) has commented: 
                                                          
1For examples see: New World: Flannery (1976:329–333); Marcus (1978:172–173); Conrad and Demarest (1984:209); 
Classical: Cole (1985: 49–59); Renfrew (1982:19–21, 1994a:47–51); Wright (1994:39); European: Alexander (1979:215–216); 
Merrifield (1987: 1–5); Garwood et al. (1989); General: Fagan (1998); Wait (1985); Witter (1989, 2000). 
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example of a not uncommon form of religious or magical ritual remains ignored.  Any 
such suggestion is likely to be greeted with nervous laughter and the standard response 
that [religious] ritual is just something we don’t understand, and therefore the term has 
to be avoided. 
 
Clearly there is a need for a systematic archaeological approach to identify religious phenomena. 
  
This introduction outlines the following basic parameters of this thesis.   
 
• The first two sections (II-III) discuss the use of ritual as evidence of religious behaviour 
and the concept of liminality. 
 
• The fourth section (IV) introduces the region, the problem, and states the objectives 
pertaining to the application phase of this thesis. 
 
• The fifth section (V) sets out the organisation of the research and states its results. 
 
II  Ritual as Religion 
Although it would be possible to devote an entire thesis to define the term religion, thankfully, that is 
not necessary in this case.  This thesis follows Rappaport’s (1999:23) approach to the problem and 
simply defines religion as:  the Holy, the sacred, the numinous, the occult, the divine, and ritual action.   
Such a sketchy representation – a verbal equivalent of pointing – is sufficient to indicate 
the region to be explored, its very vagueness suggesting the indefiniteness of the shape 
and extent of the territory religion occupies and the haziness of its boundaries.  The 
concept of religion is irreducibly vague, but vagueness is not vacuity, and we know well 
enough what people mean by the term to get on with things.  (ibid.:23) 
 
We all have enough of an idea of what the term religion implies to allow us to move on.  Whatever this 
thesis could offer in a detailed assessment is unnecessary and unlikely to sufficiently alter someone’s 
opinion to make a lengthy elaboration worthwhile.  We know that religion deals with the supernatural.  
The physical action of religion always involves ritual action.  In this sense religion is manifested as 
ritual action used in connecting with the Holy, the sacred, the numinous, the occult, the divine. 
Archaeologists require a clear position on one of the elements within the definition, ritual 
action.  In archaeology we study religious behaviour, a repeated action or patterned action, by studying 
ritual and vice-versa.  Rituals are the ostensive performance of formal acts.  If performed sufficiently 
often the standardisation of the act will usually result in a material pattern (Flannery 1976:332–333; 
Mithen 1998:99; Wait 1985:79–82; Witter 2000:60–63).  The details of this position are explored in 
later chapters.  Here it is noted that sometimes in archaeology the study of ritual is thought of as 
separate from the study of religion (e.g., Richards and Thomas 1984).  This is the result of the not 
erroneous but misleading assumption that religious phenomena are inextricably tied to belief systems, 
which are not available to formal archaeology.  This thesis argues that in studying a specific type of 
ritual act (discussed below) archaeologists are in fact studying religion, at least the ostensive physical 
elements of religion.  Archaeologists should not, can not, separate ritual from religion as ritual is ‘the 
ground from which religion grows’ (Rappaport 1999:26).  Ritual is the most essential part of religion, 
as Rappaport (1999) states (p. 3) then argues (pp. 23–405), all the elements of religion are related to 
ritual.  In studying the material features of ritual, archaeologists study the link between religious 
concepts and the material world.  This thesis specifically examines how religious perceptions of a place 
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influence spatial organisation.  These perceptions are reconstructed archaeologically from evidence of 
spatially repetitious ritual actions.  The assumption made from the onset is that ritual is the dominant 
member of the religious family, and the analysis of ritual is in effect the analysis of the material aspect 
of religion. 
The necessary caveat to add is that not all ritual acts are religious, and not all religious acts are 
ritual (ibid., 1999:25).  This is perhaps a limitation of the research.  However in a review of the relevant 
literature (e.g., Bell 1992, 1997; Boyer 1994; de Coppet 1992; Garwood et al. 1989; Goody 1961; Hall 
1997; Leach 1966; Rappaport 1971; 1999; Turner 1965, 1969; Van Gennep 1960[1909]) it is apparent 
that the ostensive, conservative, and repetitive nature of religious ritual when evident on a large scale is 
unlikely to result from non religious rituals.  Religious rituals are the most stylised and formal rituals.  
To put this another way following Abrahams (1973), if ritual activity exhibits a continuum, religious 
ritual will represent the most stylised, formalised, sequential, and repetitive end of the continuum.  The 
ritual acts that archaeologists are likely to discern within material culture at the regional level are 
religious rituals; hence the large scale approach taken within this thesis (see intro. part IV).  This issue 
is discussed further in chapter 3, but for now the assumption is acknowledged and the discussion moves 
on. 
 
III  Liminality   
The concept of liminality, of or relating to limen, is especially important in this thesis.  Limen refers to 
a threshold which is in itself perhaps barely perceptible (chapter 3).  In anthropology the concept of 
liminality is used to indicate a change, most often between the mundane and the sacred (cf. Leach 
1977; Parkin 1991).  In archaeology (cf. Derks 1998) such changes relate either to the artefact type 
itself (a common object verses a rare object), or to the context in which an object is found (cached or 
selectively deposited) (e.g., Bradley 1990a; Hampton 1997; Walker 1995, 1995a; Wait 1985).  This 
thesis uses liminality to indicate that a change is evident in the range of material culture such that the 
liminal material represents a separation from the statistical norm (see figure below). 
Figure 1:  Liminality within the range of material culture as seen within a sacred continuum. 
 
The liminal zone is where the actual threshold exists, that is where the change takes place.  This can be 
very difficult to discern for material culture in absolute terms.  As with ritual, and religion, rather than 
concentrate on the exceedingly indeterminate areas this thesis proposes to look at the more distinct 
ends of the continuum. 
Liminal material/features in this thesis represent an object, group, or association which is in 
some manner statistically distinct from the norm. 
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Identifying liminality is essential for identifying ritual behaviour.  So the first part of the 
analysis in this thesis (chapter 6) focuses on identifying liminality.  A model of religious behaviour is 
constructed (chapter 3) to deal with the issue of diagnosing the sanctity, if any, of a liminal object, 
feature, or association.  This diagnosis is tested later within the spatial analysis (chapter 7).  Not all 
liminality is religious, but it does indicate a change. 
 
IV  Research Region, Problem and Objective 
This thesis – working towards the establishment of a theoretical and methodological approach for an 
archaeology of religion – requires a practical application.  Abstract concepts are only of partial use for 
the archaeologist, if they can not be used in the field.  Application of the model of sacred spatial 
behaviour is an important part of this thesis. 
Region  The study region for this thesis is the Blue Mountains National Park (BMNP) in New 
South Wales, Australia (Figure 2).  The park is approximately 50 kilometres west of Sydney and the 
portion examined here represents approximately 1200 km2 with boundaries running clockwise: Mt. 
Wilson, Nepean River, Warragamba River (Lake Burragorang) and the Coxs River.  This area and the 
research project is referred to throughout this thesis as the BMNP Project.  The project region has a 
particular advantage because it already has a significant archaeological record (Aboriginal Site Register 
held by the NSW National Parks and Wildlife Service) which allows the modelling of the region’s 
population parameters and efficient targeting of new surveys.  It is possible to cover a wider area in a 
shorter time allowing for a more detailed regional analysis than would otherwise be possible.  As is 
apparent in the analysis, a practical regional approach is crucial in identifying the material correlates of 
a behaviour.  The relevant background for the BMNP Project is covered in detail in chapter 4. 
Problem  Various economic models have been proposed to explain prehistoric Australian 
Aboriginal site distributions in the Blue Mountains (McCarthy 1964; Stockton 1970; Stockton and 
Holland 1974; Johnson 1979; Bowdler 1981; Lennon 1983; McIntyre 1990).  Some of them are quite 
good, but none of them are all-inclusive.  Vague untested generalisations, incongruent with optimal 
foraging models, about high elevation, the location of rock-art and stone arrangements (e.g., Bowdler 
1981; Gaul 1984; McCarthy 1948, 1964, 1983; Stockton 1970, 1993c) and relative inaccessibility 
(Johnson 1979) have been proposed as identifications and interpretations of religious/ceremonial sites.  
Little systematic work has been done to identify how sociocultural forces such as religion may have 
influenced site distributions (e.g., Hunt 1997; McIntyre 1990; Stockton 1993b, c).  This thesis argues a 
systematic approach to the problem of identifying religious behaviour in the Blue Mountains is 
possible.  The requisite model is developed in the first half and then applied to BMNP data. 
 Objective  I think it is impossible to effectively set out a model without applying it.  The 
underlying objective of the BMNP project is to determine: 
1. if religious/ceremonial behaviour can be identified with a high degree of probability from the 
material record; and if so 
 
2. how the distribution of religious/ceremonial sites influences the greater distribution of 
Aboriginal sites in the Blue Mountains. 
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Figure 2:  Map of the study region for the Blue Mountains National Park (BMNP) Project.  (All 
topographic projections are extrapolated from CMA NSW 1:25 000 mapsheets, AMG UTM.) 
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Box A:  Summary of a regional approach for identifying religious behaviour in the 
archaeological record.  
 
Applying the Model of Sacred Spatial Behaviour 
In Australian Archaeology today the identification of ceremonial places is becoming an increasingly important 
aspect of the discipline and it is important to have a basic foundation on which to build archaeological 
reconstructions.  Modifications to the National Park and Wildlife Act (1974 amendment Section 84), which 
provides protection for significant ‘relics’ of Aboriginal culture, have specifically identified ‘places’ as 
important parts of Australian Aboriginal culture and the majority of these places have a strong religious 
component (see Creamer 1984; Sutton 1985).  Archaeologists are increasingly expected to assess the validity of 
possible sacred places in the governments ongoing gazetting of Aboriginal sites (e.g. Witter 1989, 2000).  
Archaeologists are often sure something/place is ‘religious’ but find it difficult to isolate the precise nature of 
their intuition as the relevant criteria cannot be seen to systematically relate to the available data.  Abstract 
methods are of little use in the field, and for this reason I envision a simplified version (below) of the approach 
presented in this thesis as a useful tool.  The following four step approach gives archaeologists a useful template 
to reconstruct religious behaviour. 
 
1. Behavioural Model    First it is necessary to accept a set of assumptions about what constitutes religious 
behaviour.  These are not ad hoc assumptions, but clearly modelled correlates.  This thesis offers a model for 
identifying religious behaviour consisting of: 
 
• spatially graduated sets of liminal material assemblages and/or liminal spatial voids (measuring the 
proximity between assemblages and the types of space being used), where the organisation of space 
becomes increasingly formal in approaching a sacred focus point;  
 
• relatively formal partitioning and select array of material objects; 
 
• a clear pattern of attention-focusing in the distribution, location and selection of activities;  
 
• iconographic characteristics which are abstract (simple) and ambiguous in form, homogeneous in 
association and clinal in distribution.  
 
2. Regional Database    Following the construction of a model it is necessary to establish a norm (holistic data 
matrix) for the study region which entails the range and location of archaeological features.  The range of 
features in the matrix must identify variables related to the model (measures of spatial proximity, 
homogeneity, geographic features).  This allows a certain rigidity in the assessment by examining the 
probability associated with the model (likely occurrence), and it gives an increased flexibility in 
understanding the past (larger array of variables).  The initial identification of religious behaviour should only 
be done at the regional level.  Once the flavour of the generalities are understood it is then possible to begin a 
more detailed reconstruction of behaviour at individual places. 
 
3. Indicator Model    Once the regional archaeological parameters are established it is possible to examine the 
data matrix for anomalies.  Anomalies are the indicators of regional liminal variation.  Compare the liminal 
indicators against the model of religious behaviour.  Because religion is a fundamental pattern of cultural 
behaviour it is embedded in the general society, but as it is also a distinct process, at times it will result in a 
pattern at odds with the norm.  By identifying these variations it is possible to begin to understand religion’s 
place in shaping culture. 
 
4. Assessment  Examine the specific anomalous places. How are they different from the region?  Is there a 
pattern between places?  How closely do they correlate with the model?  What does their distribution indicate 
the about past organisation of activities? 
 
 
 
V  Chapter Organisation 
The research strategy used in this thesis closely follows the organisation of the chapters.  The first half 
introduce the idea and the second half applies the idea.  There are two parts to the thesis.  The first 
three chapters move progressively towards a model of sacred spatial behaviour.  These chapters deal 
with the theoretical and methodological issues underlying the material side of religious phenomena.  
The following four chapters apply the model to the BMNP regional data.  These chapters outline the 
necessary background information, structure a data matrix, and analyse the data. 
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In a way the progression through the thesis mirrors my own development of the idea.  If we as 
humans live in a physical world governed by general laws of nature, concepts generated by humans 
should be, at least partially, similarly governed.   And because we live in a material world, our use of 
material objects will also be partially governed by our general concepts.  The argument is circular but 
this actually works to advantage the archaeologist.  The circular, dynamic, link between brain/mind, 
space and material culture means that by looking at material culture and space archaeologists 
necessarily begin to access the mind, at least in terms of concept formation and associations (cf. 
Renfrew 1982; 1985, 1994, 1998; Parkin 1991, 1992).  In order to identify a process, such as those 
associated with the formation of a concept, this thesis requires a rigorous assessment of material and 
spatial association.  This assessment needs to be as empirical as possible to enable comparative 
analysis. 
What all this means is that if archaeologists want to understand religion we need to identify 
the likely ways religious concepts are incorporated into material culture.  We do this by identifying the 
mental and material processes that are associated with the religious process.  To do this we must 
identify the neurophysiological nature of religious concepts in order to distinguish its salient principles.  
From this we must model the core material features associated with recurrent religious phenomena, and 
we must develop and apply a statistical approach which targets the material and spatial relationships 
between archaeological features and their context. 
Organisation  The first part of chapter 1 looks at the developmental history of religious 
theory in archaeology.  The most important conclusion is that religion is a dyadic cultural feature.  
Religion is dyadic in operation because it is both intrinsic to and derived from a cultural system.  The 
idea being most effectively pioneered by Spiro’s (1966) analysis of the definitional problems 
associated with the origins of religion.  Within a sociocultural system, religion operates paradoxically 
as a separate system and simultaneously as part of the general cultural system.  In this way it becomes 
apparent why religion has for much of the history of archaeology been erroneously understood as a 
product of society (cf. Durkheim 1965a [1912]) or a functional social tool (Radcliffe-Brown 1930–31) 
rather than an intrinsic foundation of society (Rappaport 1999; Spiro 1966), and thus not important in 
understanding the variations between cultural systems (e.g. Binford 1972). 
The second part of the first chapter outlines the dominant approaches developed over the years 
which have attempted to identify and/or use religious concepts in understanding material culture.  From 
these, especially Renfrew (1985) and de Polignac (1984), it is possible to extract the foundations of a 
model outlining the material correlates of religious behaviour.  Australian case studies are offered as 
pertinent examples for the BMNP Project and are useful in fleshing out the model in chapter 3. 
Chapter 2 begins to examine the causal links associated with religious concepts in terms of 
spatial actions, concept formation and material culture.  A causal understanding of religion is important 
because it gives a basis for inferring a relationship between the concept of religion and the various 
recurrent features associated with religious behaviour.  It offers a foundation on which to base an 
identification of the core features of recurrent religious phenomena in chapter 3.  It shows that it is very 
likely that the persistence of certain phenomena is linked to the very nature of religion (Boyer 1994).  
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 The basic idea is that religion is both hardware and software.  This heuristic assessment is far 
from perfect but it offers a useful analogy.  The beliefs are software and can vary as long as they 
conform to the hardware protocols.  It is the hardware, the core structural concepts that is targeted in 
this thesis.  Understanding the way the hardware constrains religious behaviour opens a way to 
effectively model such behaviour in the archaeological record.  Three pieces of hardware are identified:  
• brain/mind; 
• space; 
• material culture.   
 
The brain/mind is broken down into the twin components of psychology and physiology.   
Rather than have the brain/mind’s components competing they are seen as complementary ways of 
evaluating concepts.  Psychologically the mind is thought of as operating within specific domains 
where concepts such as religion are created and stationed (Atran 1990; Sperber 1975).  The multiple 
domains within the mind are in a way concept specific, such that like concepts are linked within a 
domain and different concepts are more isolated in separate domains.  In this way certain material ideas 
and features are more likely than others to be associated with religious concepts because they fit better 
into the religious domain than into other domains.  As Mithen (1998:104) stated: 
… over the long term, religious ideas are winnowed, some having greater survival value 
than others.  Those which survive are those which can be anchored in the human mind. 
 
Physiologically the same thing happens, in that the activation of religious concepts triggers 
certain specific neurophysical responses in the brain.  One of these areas relates the way humans 
understand space (Newberg et al. 2001).  This section explores the conclusion that the way space is 
interpreted, organised and remembered within the brain is central to understanding religious behaviour.  
The analysis of recurrent religious phenomena in chapter 3 shows that the organisation of space and the 
choice of spatial features is a foundation principle for the locating of religious behaviour.  However the 
issue is more complex.   
Following the influential work of Hillier and Hanson (1984) chapter 2 continues by analysing 
space itself as the second piece of hardware, and finds that not only is the brain structuring the way 
space is interpreted, but the physical properties of space itself constrains the concepts it is imbued with.  
This is most likely why certain sacred places get reused in a similar manner through time, even though 
a continuation of specific beliefs is impossible (e.g. Bradley 2000:65).  Additionally, this poses an 
intriguing possibility for archaeologists because it means that perceptible variations in space, such as 
geographic variations can be thought of as linked directly to variations in behaviour.  Thus by 
modelling spatial variations with depositional variations it is possible to better understand the concepts 
associated with depositional locations.  These ideas are implemented later in the empirical analysis 
(chapters 6 and 7).   
Added to this mix is the last piece of hardware analysis, material culture itself.  From a causal 
perspective material culture is best understood as a cue for initiating behaviour as opposed to a symbol 
which represents something specific (Boyer 1994; Donald 1998; Sperber 1975).  In this way it is 
possible to view group responses to material features without getting bogged down in debates over 
meaning (e.g., Bradley 2000; Clegg et al. 2001; David and Wilson 1999; McDonald 2000a).  Material 
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objects can mean different things to different people, but at a basic level they tend to affect people 
and/or are utilised by people in similar ways.  Chapter 3 outlines Wobst’s (1977) classic analysis of 
stylistic behaviour where specific attributes of material objects can be seen to relate probabilistically to 
religious behaviour.  Basically what this means is that through time the same visual characteristics of 
material objects are associated with ceremonial behaviour.  This is not because such iconography is 
intrinsically sacred in itself, but because a replicable (universal) group interpretation has replaced 
individual interpretations (cf. Donald 1998; Taçon 1994).  Groups of people through time and space 
tend to use certain types of iconography in similar ways.  This gives archaeologists a theoretical basis 
to extrapolate the attributes of a ‘ritual style’, such as the iconographic cues recurrent in religious 
iconography.    
The material synthesised in chapter 2 only touches upon the deep complexity underlying 
religious concept formations within material culture.  What is needed is a multidisciplinary analysis 
combining experts in all relevant fields, something which is beyond this thesis.  Nevertheless, simply 
avoiding the theoretical aspects of religious causality creates a vacuous foundation on which to base a 
model.  On the other hand, the proposed causal understanding of the religious behaviour in chapter 2 
gives a basis on which to carry out comparative analysis.  If it can be ascertained why certain religious 
phenomena recur, then it is possible to create probabilistic models to account for the recurrence.  These 
models can then be tested.  The creation of such a model is the crux of chapter 3.   
Chapter 3 is the heart of the thesis.  It is here that the four part model of religious behaviour is 
established:  
Part I     Religious Spatial Behaviour 
Part II   Religious Depositional Behaviour 
Part III  Attention-Focusing Behaviour 
Part IV  Selective Iconographic Behaviour 
 
The angle taken in outlining a model for identifying religious behaviour focuses on its most central 
tenet, graduated spatial behaviour.  The specifics are noted below, but in general this thesis shows that 
the organisation of space is central to the concept of the sacred (cf. de Polignac 1984).  As Parkin 
(1991:2) summarises: 
… to talk about the sacred is to think and talk about space, and to some extent vice 
versa: that when people speak and write about the sacred, they tend to essentialise it in 
terms of places occupied by it; and that discussion of human spaces is likely, eventually, 
to refer to a central point imbued with the extra-human, or spiritual, significance. 
 
Thus the model is structured around the notion of identifying sacred spatial behaviour.  The chapter 
begins with a brief review of the relevant social anthropology regarding the comparative analysis of  
recurrent religious phenomena.  This gives the reader some idea as to why some topics are explored in 
more detail than others and why the more recent approaches (e.g., Lawson and McCauley 1990 and 
Boyer 1994) are preferred over the more classic approaches (e.g., Wallace 1966).  The four part 
structure of the model results from a combination of the anthropology and the more detailed 
archaeology (e.g., Renfrew 1985) outlined in the first chapter.   
Part I  Religious Spatial Behaviour  The first part discussed the various spatial indicators 
associated with religious behaviour.  Graduated spatial behaviour, or formulaic spatiality, is put 
forward as the most fundamental correlate of religious behaviour (Parkin 1992:18).  It can be described 
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as incremental behaviour spread along a thematic axis where the closer one gets towards the thematic 
focus point the more formal the spatial relationship.  Activities which are closer to the sacred in space 
are organised differently than the more mundane activities.  This first part distinguishes four sub 
sections related to sacred spatial behaviour: 
a. Spatial Liminality; 
b. Sacred Continuum; 
c. Liminal Geography; 
d. Sacred Proximity. 
 
Religion requires a division between the sacred and mundane.  In a religious world where all things are 
sacred, but not equal, some thing are more sacred than others.  For the sacred to exist it must be in 
some way distinct from the mundane (Durkheim 1965a [1912]; Eliade 1959; Lévi-Strauss 1963).  
Liminality implies a threshold, a division.  At an elementary level, the spatial liminality of religion 
will result in differences between mundane and sacred uses and organisation of space.  However, the 
type of separation need not be dramatic at every level and may be akin to an incremental continuum.  A 
sacred continuum between the mundane and sacred where the perceived sacredness can be visualised 
along an axis separated by various degrees of association with the perceived proximity to the sacred 
pole (cf. Parkin 1991).  Nothing within the physical world can be completely sacred, for it is linked to 
the mundane, likewise nothing is completely mundane as it is linked to the sacred.  Yet because the 
sacred can only exist in contrast with the mundane people heuristically organise the sacred world by 
grading things according to their perceived sacredness.  At some point the sacred associations will 
clearly outweigh the distantly linked mundane associations, resulting in a distinct contrast with the 
norm (mundane).  Hence the apparent guises of liminal geography.  For example, both a mountain and 
a cave within the mountain are sacred but the cave is more closely related to the sacred, and thus more 
influential on behaviour than the mountain.  Liminal geography is classically associated with regionally 
distinctive geographic features, whose natural restrictiveness more easily anchor more restrictive 
religious concepts (Mithen 1998; Taçon 1999).  In the above example the cave can be thought of as 
more restrictive than the mountain which results in a different pattern of action.  Finally the idea of 
sacred proximity is added which encapsulates the notion of principled geometrics (Zubrow and Daly 
1998) found in graduated spatial behaviour.  The way we behave is influenced by where we think we 
are and what we think is nearby.  Thus by studying the relationship between places and the variations 
in activities between places, I argue it is possible to begin to understand the way people perceived their 
surroundings.  The implications for the model relate to the structure of the variation.  According to 
analysis of recurrent phenomena there should be a formal relationship between places that are near 
sacred places.  The result is a zone of sacred influence (Witter 1989) where depositional episodes 
within the zone follow a different pattern than those in similar environmental circumstances outside 
such a zone.  In short, graduated spatial behaviour is central to the concept of religion because it allows 
the sacred to exist.  And it is central to the material identification of religious behaviour because it 
offers an insight into depositional trends, which are likely to result from the spatial behaviour 
recurrently associated with religious ritual.  
 Part II  Religious Depositional Behaviour  Part II of the model addresses objects within 
sacred space.  The things people do at places, the way they use objects is also evidence of past 
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perceptions.   Religious behaviour is ritualistic, as a result the depositional character of objects 
associated with religious behaviour is formally structured.  The structured deposition will, over time, 
conform to a pattern which will differentiate it from mundane activities (Richards and Thomas 1984).  
Moreover, the size, spread, conservativeness, repetitiveness, and clinal distribution of religious rituals 
mark their structure as distinct from other likely causes of structured deposition.  Elsewhere, some 
religious behaviour will be so closely aligned with everyday activities that it will be difficult to filter 
out, but sacred activities at the more polar end of the continuum should become evident by their 
increased (and patterned) tendency to separation from the norm.  Three different types of religious 
ritual deposition are identified: ritual discard, ritual sacrifice, and ritual support.  Each has its own 
features, but what proves most diagnostic in the identification of hunter-gatherer sacred space is the 
idea of ritual support (cf. McIntyre 1990; Witter 1989, 2000).  The internal and external organisation of 
camps located in proximity to sacred places follows a graduated spatial distribution aligned with the 
sacred focus point.  It is not so much the internal depositional episodes themselves which have a 
relationship, instead it is the relationship between the places where occupation occurs (Binford 
1982:17; Bradley 2000:118).  The structure between places rather than the association of the internal 
deposition offers the best insights into the perceptions related to place.  For these reasons, the analysis 
needs to develop an approach which can compare not only what is within sites but the spatial 
relationships between sites/artefacts (chapters 6–7).  Basically, it is important to identify the spatial 
trends between objects –  where things are and what kinds of things occur together.  
 Part III Attention-Focusing Behaviour  Part III addresses the focusing of attention 
necessary for religious performance. The focusing ability of a site is a crucial indicator of religious 
behaviour as it generally makes the site more distinctive and most easily represents a specific 
behavioural pattern – it demonstrates a clear break from the mundane (de Polignac 1995:33–34; 
Lawson and McCauley 1990:171; Renfrew 1994:51; Wright 1994:56).  This third part looks at ways of 
quantifying the somewhat enigmatic concept of attention in a manner that can be reproduced for 
comparative analysis.   
 Part IV  Selective Iconographic Behaviour   Part IV addresses the iconographic nature of 
religious behaviour.  Stemming from Wobst’s (1977) model, this final part offers an analysis of 
‘stylistic behaviour,’ the patterned use of visual characteristics, as it is likely to relate to religious 
concepts.  Homogeneous iconography is considerably more restricted and most likely results from a 
more conservative social strategy than that associated with heterogeneous iconography.  This is a 
formal verses informal association and distribution of iconography.  McDonald’s (1994) analysis of the 
Sydney Basin rock-art is reviewed and confirmation for Wobst’s model is found.  Moreover, it is 
shown why McDonald (2000a:61) concludes that the clinal location of homogeneous engravings, and 
their type of motif assemblages, in the Sydney Basin is indicative of ceremonial behaviour.  In addition 
to a ‘stylistic’ analysis of rock-art this fourth part of the model looks at how certain visual 
characteristics of stone tools reflect different social strategies.  Following Gero (1989) the varying 
characteristics of stone tools, such as rarity of raw material, size, longevity, number of production 
stages, and restrictiveness of production, are seen as indications of different social uses. 
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 Following the four part discussion, an indicator model of sacred spatial behaviour is generated 
at the end of chapter 3.  The model is a summary of the conclusions arrived at in chapter 3, which stem 
from the review of the phenomena of religious recurrence.  This model is used to guide the construction 
of a regional data matrix and a method of analysis in the remaining chapters. 
 Chapter 4 starts the second half of the thesis.  It begins the process of applying what has been 
developed in the first half.  This chapter outlines the pertinent background pertaining to the study 
region in the Blue Mountains.  Special attention is given to distinctive geographic dimensions of the 
region.  Models of the region’s population parameters are fashioned from previous research to enable 
comparisons within the analysis.  The chapter reviews relevant ethnographic research pertaining to 
Aboriginal religious behaviour.   This background gives the necessary details, the variables, to design 
the regional data matrix. 
 Chapter 5 outlines the project data matrix.  It explore what goes into the matrix and why.  The 
idea behind the matrix is to create a holistic assessment of the region’s archaeological and pertinent 
environmental features.  The thesis is interested in specific trends within the data, but the matrix is not 
structured solely to reveal these targeted trends.  Rather the matrix is designed to elucidate the material 
continuum within the region so that the targeted trends can be compared against a statistical norm.  A 
better understanding of specific data associations occurs when they are placed in a general context.  At 
the same time it is important to add meaningful variables which have a likelihood of answering 
questions regarding the identification of religious behaviour.  Attention is focused on the use of 
geographic variables within the matrix.  The inclusion of qualitative variables is essential when trying 
to identify social organisation within the data (Golledge and Stimson 1997) but at the same time these 
variables cannot dominate the matrix.  Chapter 6 tests the effect qualitative variables have on the nature 
of the material continuum and finds that the region’s linear associations become more detailed without 
altering their general structure.  The ends and the basic structure of the material continuum remain 
unchanged, the points in between become more descriptive.  Elsewhere chapter 5 looks at the nature of 
the existing and new survey data.  Existing records contain a plethora of information, but tend to be 
lacking an assessment of the space between known sites.  That is, there is little indication how sites 
relate if there is no understanding of their proximate relationships (cf. Foley 1981).  One of the 
principal aims of the new surveys therefore was to understand the flow of material between existing 
sites.  Chapter 5 also outline the logistics and discovery probability of surveys.   
 The analysis in chapter 6 is specifically designed as an indicator analysis rather than 
necessarily generating definitive conclusions.  The overt goal is to generate a series of indicators, 
which can be shown to be the principal liminal features within the matrix.  Armed with these indicators 
it is then possible to construct, in accordance with the model in chapter 3, a likely spatial model of 
sacred behaviour within the BMNP region (chapter 7).  Indicators are pointers representing the tips of 
trends rather than the bulk of the material.  Groups of indicators form an index for exploring the 
various extended relationships between cultural materials.  Consistent with the aim of identifying 
religious behaviour chapter 6 specifically targets the liminal indicators within the matrix.  Liminal 
relationships are separated from general trends in the spread of material culture by patterns of 
distribution which mark them as spatially discrete and selective in association.  Limen indicate a 
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change; a passing from one depositional practice into another.  Such trends can only diagnose religious 
behaviour en mass and within a specific spatial structure (chapter 7), but the region’s liminal nature 
must be identified before it can be analysed.  This process of identification is the purpose of chapter 6. 
 Chapter 6 is the bulk of the analysis, separated into three parts.  The first part of chapter 6 
introduces the statistical methods of analysis and detail the relevant aspects of the multivariate 
approach.  This thesis utilises a multiple correspondence analysis in examining the latent structural 
tendencies within aspects of the data matrix, and this requires a discussion of some of its special 
qualities.  Next the matrix is examined in its entirety in order to understand the basic dimensions of the 
Blue Mountain’s material parameters.  This results in a general structure, i.e. site classifications, on 
which to base the frequency analysis in the later parts of the chapter.  And, as previously noted, an 
exploratory correspondence analysis is applied to the matrix to examine the influence the more 
qualitative variables exert on the matrix. 
 Part II of chapter 6 begins to examine specific portions of the matrix.  Frequency results are 
summarised to give an indication as to the probable liminal features within the data.  Crosstabulations 
of these aspects of the data then give direction to the indicators, such as, how often certain kinds of 
things occur together.  The four sections in part II target variables related to environmental and 
proximity attributes.  The results in these sections are used to form (box) models, which enable more 
detailed analysis in later sections.   
Part III of chapter 6 targets trends associated with specific archaeological features (raw 
materials, lithic diversity, grinding groove, rock-art).  Along with various frequency procedures, part III 
employs a multiple correspondence analysis.  While the frequency procedure was good at dealing with 
limited crosstabulations, the multivariate approach describes the relationship between the specifically 
isolated variables and all the remaining variables.  In other words, how one thing or a small group of 
things (i.e., the probable liminal features) fit into the BMNP big picture.   
Chapter 6 provides a good idea as to the liminal qualities within the matrix, but an analysis of 
the form or structure of their spatial relationship (if one exists) is missing.  In leading up to this point is 
becomes obvious that it is not the elements which are diagnostic of religious behaviour, rather it is the 
form of the relationship between the elements which is unique to religious ritual – context is 
paramount.  In material terms, the indicators identified in chapter 6 are not unique to religious 
behaviour, but when (if) they conform to a specific structural relationship they are indicative of 
religious behaviour.  One such example of this distinctive form is the graduation of spatial behaviour 
introduced above and discussed in chapter 3.  Up to this point chapter 6 has generated the pieces to the 
puzzle, but it is still necessary to see if the pattern associated with individual pieces can be put together 
to form a picture.  The model of sacred spatial behaviour is the box cover, indicating what the picture 
should look like, but the puzzle pieces can not be forced together to create this picture.  The questions 
are: ‘Do the liminal indicators from chapter 6 actually form the requisite spatial relationship or are they 
simply a jumble of pieces from different puzzles?’ and  ‘Is there an identifiable behaviour present or is 
it a mix of activities?’ 
The distance matrix in chapter 7 answers these questions. The distance matrix looks for 
patterns in the spatial relationships of variables by assigning locations to each variable (not sites) in the 
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data matrix.  An algorithmic code is then run against the distance/data matrix.  The code models a  
graduated spatial relationship for the liminal indicators within a formulation based on the indicator 
model of sacred spatial behaviour.  The results are categorised by their type of liminal association, and 
tests of statistical significance are also offered.  In this way the code is identifying places where 
variable relationships relate to specific features and a specific spatial structure.  Are some variables 
selective (liminal) but not spatially related in the real world or do they conform to a patterned 
relationship?  
The results of chapter 7 are reviewed in chapter 8 and are both encouraging and insightful.  
Some places within the BMNP region are indicative of the specific structural relationship that is 
modelled as representative of religious behaviour.  It has until now been assumed that many places in 
the Blue Mountains are related to ceremonial behaviour, but it had been impossible to show (cause and 
correlates) why this is so.  Rather than rely on intuition, this thesis can demonstrate a specific 
material/spatial trend within the BMNP data as evidence of religious behaviour.  In other cases it is 
found that traditionally assumed material evidence of religious activity is not the result of religious 
behaviour.  Religious behaviour in the Blue Mountains is evident archaeologically, but less wide 
spread and more selective than generally assumed.  In the end this thesis generates a better 
understanding of the variations between places within the Blue Mountain and the likely uses and 
perceptions related to these places – an enhanced understanding of the past based on understanding the 
differences between places. 
The general aim of this thesis is to enlarge the current understanding of the principal elements 
of religious spatial behaviour, even if only a little, and in the process to construct a model through 
which archaeologists can identify, discuss, and compare the influences of religious concepts with 
regards to material culture.  Religion it has been concisely argued, not only defines humanity but it is 
intrinsic to the emergence of humanity (Rappaport 1999).  Religion is embedded in who we are, thus I 
argue that it is impossible to understand material culture unless archaeologists begin to assess religion’s 
dynamic and influential role in structuring material culture. 
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CHAPTER 1 - Archaeology and Religion 
No human society exists without religion (Rappaport 1999:1–2).  From the very beginning of the 
archaeological discipline, religion has been recognised as an important component of every 
sociocultural matrix (e.g. Tylor 1871).  Even the anti-religious zealot Childe (1935:14), try as he might, 
found the social, cognitive force of religion impossible to divorce from the essence of shaping a 
culture.  Expressions of religion are tied to material culture (Mithen 1998:98; Renfrew 1998:2).  
Identifying religious behaviour is central to understanding culture (Rappaport 1999), but prehistoric 
archaeology can achieve this understanding only through systematic identification and not by 
unsupported assertion or interpretation.  The requisite methodology is both systematic and interpretive. 
Before archaeologists can begin to identify religious behaviour or its influence in shaping 
culture they first need to understand religion’s place within a general cultural system.  Religion is not 
simply a product of society, it is more than a descriptor or functional aspect of culture, it is a 
fundamental cause of culture.  Religion is a part of the basic structure of society that operates to 
reinforce social order. 
The first section (1.1) of this chapter briefly examines a causal interpretation of religion as a 
dyadic phenomenon.  Religious behaviour often results in persistent relationships between concepts 
and objects.  People behave in similar ways although there is wide variation in beliefs.  These persistent 
trends can be seen as reflecting the foundations of religious concepts.  This section addresses the 
implication such theoretical developments have for archaeology. 
The second section (1.2) outlines significant archaeological case studies that have followed in 
the wake of advancing religious theory.  It concentrates on the contribution each has made to the 
systematic identification of religious behaviour. These case studies are important in forming a 
foundation of the model introduced in chapter 3. 
1.1  Anthropological Religious Theory 
Since the publication of Edward B. Tylor’s classic Primitive Culture (1871) and his erroneous 
conclusion that ‘primitive’ religion was merely a misguided attempt at understanding the world, there 
have been numerous scientific and some not so scientific attempts to organise and understand religion’s 
origins and ideology.  In brief, the classic anthropological religious theories adopted by archaeology 
held that religion was either a social/structural or functional component of society. 
1. If religion is a social/structural phenomenon (e.g. Durkheim 1965a[1912]; Levi-Strauss 
1963) it is a product of a social system but not part of the foundations of a social system.  
Because it is made by the system, it cannot explain the basic organisation of society nor be 
cross-culturally compared.  This position is generally associated with processual archaeology.  
 
2. If religion is a functional phenomenon (e.g. Malinowski 1925) it serves to reinforce or 
legitimise existing social structures.  It is an attribute of culture, but is not an intrinsic cause of 
social systems, meaning that it is not independent but relative to the social order and cannot be 
compared across cultures.  This position is generally associated with post-processual 
archaeology. 
 
Religion was either a product or tool of society, but not a foundation of society.  At best it was a 
broadly applicable attribute of culture, more than a mere product, but never an independent force.  
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Although the classic structural and functional theoretical positions are seen as competing in 
anthropology, for archaeologists, both suggest the same conclusion: religious activity describes the data 
but does not explain the data. 
These developmental approaches fit nicely into the biologically based systems theory driving 
processual archaeology or the hermeneutics of post-processualism (Marcus 1992:81–83; Trigger 
1999:139–141), but were in themselves increasingly outdated theoretical positions (Geertz 1966:1–3; 
Parkin 1991; Rappaport 1999).  Major theoretical work in the anthropology of religion began in the 
sixties and only slowly filtered across to archaeology in the eighties (e.g., Renfrew 1982, 1984).  Till 
that time the intellectualist tradition of Durkheim and Malinowski was very dominant and only slowly 
eroded (e.g., Boas 1963; Geertz 1966; Gluckman and Eggan 1966). 
Only in relatively recent times does the phenomenon of religion in archaeology become 
recognised as a dyadic (hybrid) combination of structure and function which is intrinsic to the cultural 
matrix. 
3. Religion as an intrinsic structural-functional phenomenon (e.g. Rappaport 1999; Spiro 1966) 
means religion operates as a dyadic influence on cultural systems.  It is both a product and 
producer of culture.  This position is generally associated with cognitive archaeology. 
 
This conclusion sounds more complex than it really is.  Just like other dyadic influences on cultural 
systems, such as economic forces, religion operates in unison and independently to influence the 
activities of a cultural system (e.g., Derks 1998; Knight 1985; Mithen 1998).  Thus it does describe 
data (structure) or reinforce a social system (function), but it also generates a level of independent 
influence upon sociocultural organisation; hence it is a dyadic phenomenon (cf. de Polignac 1984).  
Religion is more than a mere cosmetic coating on a cultural system.  Like the wheels of a car, religion 
is an intimate part of a culture as well as a separate part on its own, neither is effectively complete 
without the other.  In this way religious behaviour operates across cultures because it is intrinsic to the 
cultural fabric itself (the matrix).  Religious behaviour is rationalised differently between cultures 
because of the many variations (e.g. environment) between societies, but it has similar core features 
(e.g. its organisation of space) which relate to the foundations of culture.  Understanding religion as a 
dyadic social force is critical for later portions of this thesis (chapter 2).   
 
1.1.1  Dyadic Perspectives  
One of the most influential dyadic models of religion is Spiro’s (1966) paper on the problems of 
religious origins (cf. Goody 1961; Rappaport 1999; Winter 1966).  In this influential work Spiro 
dismisses the question of the origins of religion as non testable and concentrates on the causal structure 
of the problem.  What are the persistent features, both functional and structural, associated with 
religion?  And, how does religion replicate?  To answer these questions and achieve his goal Spiro 
(1966:98–122) outlines a causal model of religion. 
 Spiro’s main argument (in terms of religious practice) centres on the Malinowskian (1925) 
assumption that all human behaviour (excluding reflexive behaviour) has a purpose; that is, it is 
brought about with the goal of satisfying a need. 
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If a given response is in fact instrumental for the satisfaction of the need, this 
‘reinforcement’ of the response ensures its persistence – it becomes an instance of a 
behaviour pattern. (Spiro 1966:106) 
 
Spiro recognises that there is a biological component in religion.  Religion is structured specifically 
with the intent of satisfying certain requirements associated with human behaviour.  However, outside 
this biological ordering there are also the Durkheimian (1965a [1912]) social needs or requirements 
that are best satisfied by socially structured religious activity.  Accordingly both functional and 
structural (causal) arguments are necessary but insufficient, while ‘together they are necessary and 
sufficient’ (Spiro 1966:117).  Therefore from a causal perspective the best way to understand the 
existence of religious behaviour is through a hybrid model which can account for the persistence of 
religious variables (ibid.:100).  In other words, recurrent phenomena in religion can be understood by 
thinking of them as being the result of both biological and environmental factors.  Features which 
persist do so because they satisfy both sets of requirements. 
This theoretical step proved most important for later developments in archaeology (e.g., 
Mithen 1996; Renfrew 1985; Renfrew and Scarre 1998) because it allows the identification of 
religion’s material features as representing a distinctive context (relationship between elements) within 
the social milieu.  In anthropology Spiro’s idea is continually being developed, most concisely and 
recently by Rappaport (1999:27).  The continual development of the hybrid theory is proving useful for 
designing an archaeological identification of religious behaviour (chapter 3).  Rappaport (ibid.) 
explains how religious ritual is not purely functional in that its parts are not unique to a structure.  In 
material terms this means any object can have a religious function (e.g., Hampton 1997; Walker 1995) 
but it is an object’s context (location, geometric relationships, variable associations) that is diagnostic 
of religious activity (Trigger 1999).  Religious behaviour is identified archaeologically by the specific 
relationship between material features not specific materials.  Elements of religious behaviour are not 
unique.  It is the way elements are organised which characterises religion.  Like a pile of building 
materials is not a house, but a specific arrangement of bricks and timber can create a house. 
 Spiro’s position can be summarised by the statement that religion is dyadic and the best means 
of understanding its causal nature is to investigate the persistence of variables (phenomena of 
recurrence).  This idea is explored in detail in chapters 2 and 3.  The main fault of Spiro’s paper is it is 
general and abstract.  He never really tells you what the internal and external causal features of religion 
are.  This is where archaeology, as Geertz (1966:1–2) pleaded, will be able to harden an understanding 
of religion as a cultural system.  
Spiro’s approach contradicted existing archaeological religious theory which identified 
religious activity as difficult to analyse because it occurred structurally at the end of the social 
organisational process (e.g. Binford 1972 198–225, 1982:28) and/or was functionally extrinsic to a 
cultural system (e.g. Hodder 1981:6–7; Hodder 1992:14–15).  Religion could no longer be excluded 
from archaeological analyses of cultural systems because it was now recognised as part of the system 
itself.  For archaeologists a dyadic theory of religion means that a culture’s material behaviour is linked 
to the constant interchange of religious concepts and the material world.  Moreover, it is likely that 
behaviour linked to a religious system is a prime factor is explaining cultural change.  The way humans 
organise their behaviour is dependent on their perceptions and the realities of the material world.  
CHAPTER 1 - Archaeology and Religion 18 
 
Because religious concepts are dyadic (linked to the way people think) their persistent features will in 
part form physical patterns through time and space.  Thus as Renfrew (1982:11) concluded:  
if people’s actions are systematically patterned by their beliefs, the patterning (if not the 
beliefs as such) can become embodied in the archaeological record. 
 
In this way it is possible to link persistent material behaviour with generalised perceptions.  This idea is 
seen in the current vogue genre of landscape archaeology, where perceptions of place and the use of 
place can be seen to merge.2
 
  When the same pattern of action occurs again and again, and once that 
pattern is understood through empirical research, such patterning in the material record is most likely 
evidence of a specific behaviour. 
                                                          
2 Landscape is the result of ordinary and extraordinary activities and perceptions (Derks 1997:129).  The environment in which 
people live is not the environment of physical reality, it is a product of imagination and reality (cf. Childe 1949:6–8).  Landscape 
is a much  more inclusive term than simple land-use models allow as it encompasses a strong sociocultural dimension as well as 
material dimensions (cf. Barrett 1991a:8; Bradley 1997:219; Crumley 1994:6).  
1.2  Material Identification of Religion 
Anthropologists are often sure that a particular behaviour is religious but are unable to define the 
rationale behind their conclusion (cf. Parkin 1992:15; Sperber 1975:1–4).  Likewise archaeologists are 
often convinced that the material record of a particular place, site, or feature represents religious ritual 
activity but are unable to show exactly how this is so (e.g., Bradley 2000:4–19 describing Arthur 
Evans’ work; Flannery 1976:330–331; Richards and Thomas 1984:189; Johnson 1979:37; Stockton 
1970:301).  We need to develop an appropriate methodology to identify religious ritual behaviour.  
The problem is not that the material is lacking, nor that it is inherently difficult to 
recognise, but that archaeologists, with a few honorable exceptions, have made little 
attempt to develop a coherent approach to the subject [religion], but have instead 
ventured conclusions and reconstructions which cannot be shown to relate in a coherent 
and systematic way to the available data.  (Renfrew 1985:1) 
 
The implications of such analyses are explored in detail in chapter 3.  This section reviews the 
development of systematic approaches towards an archaeology of religion.  Five examples are chosen 
from the Classical, Neolithic, and Mesoamerican literature to illustrate various techniques for the 
archaeological recognition of religious behaviour.  This material shows a slow progression towards a 
coherent and testable format.  What is generally missing from early systematic studies of religious 
behaviour is a consistent methodology (cf. Garwood et al. 1991:vi).  There is little development of 
theory connecting specific behavioural models and data, although there is a general recognition that 
aspects of recurrent religious behaviour are separate from belief.  However incoherent they are, the 
various studies offer valuable insight into how archaeology can model religious behaviour. 
Following the five case studies is a review of two insightful approaches from Australian 
Archaeology.  The Australian material provide examples of the core features for much of the material 
recognition of religious behaviour.  However unlike the preceding case studies, the Australian work 
lacks a ‘big picture’ methodology.  They tend to concentrate on specific aspects of the identification 
issue but lack the theoretical depth and requisite holistic (systematic) approach.  In generating a model 
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of sacred spatial behaviour the Australian material offers a series of useful examples which can be 
plugged into the systematic approach synthesised from the five preceding case studies. 
 
1.2.1  Renfrew 
The logical place to begin is with Renfrew’s Archaeology of Cult (1985).  Any work concerning 
archaeology and religion must acknowledge Renfrew’s insightful approach.  It is among the first 
attempts, and subsequently most influential, to systematically study the material correlates of religion.  
In this classic work Renfrew addresses cult practice of the late bronze age town of Phylakopi on the 
island of Melos.  Renfrew’s work at Phylakopi was the result of several years of fieldwork and 
analysis, during which the problems of recognising religion slowly began to develop (Renfrew 1985:5–
9).   
The most important theoretical step made during this time was the adoption of Spiro’s (1966) 
dyadic model of the recurrence of religion in lieu of the more dominant Durkheimian social model 
(Renfrew 1985:11–12).  Spiro’s influence can be seen in the Renfrew’s (1985:11–13) adoption of 
Rappaport’s (1967:237–238) understanding of a cognised effect of beliefs.  A cognised effect is the 
way human perception, not necessarily linked to empirical reality, influences physical behaviour 
(section 2.4.1).  This step opened the way for a structured and systematic consideration of religious 
phenomena.  It made religious phenomena quantifiable in terms of activity if not meaning.  As Renfrew 
(1994:4) noted later, meaning may be critical to one philosophy while it need not be critical to another.  
This idea is explored in more detail in later chapters, but it is important to note that religion was seen as 
a different aspect of the social order; a separate and equal part of the social matrix.  Religion as part of 
culture was not simply descriptive nor functional it was dyadic, distinct but woven into the fabric of 
society. 
As Spiro (1966:123) foresaw, reducing religion to its constituents does not destroy the 
essential quality of religion.  Archaeologists who seek to understand religion’s role in a cultural system 
are not explaining religion; instead they seek to understand the ‘contributions which religion, taken as 
the independent variable, makes to societal integration’(ibid.:122).  What religion indicates about past 
organisation, is not in any definitive sense what it is (cf. Bradley 2000:64–80; Cooney 1998; Crumley 
1999; Taçon 1999: 33–57; Wright 1994:48). 
This understanding allowed Renfrew to recognise religion in terms of actions related to a 
belief without identifying the belief itself.  Religious elements where seen as unique in isolation and 
type of combinations.  Renfrew was thus able to heuristically reduce religious behaviour into a series of 
action related correlates that identified religious rituals.  This had not been possible within the prevalent 
functional (external or internal) understanding of religion (e.g., Binford 1972).  Renfrew (1985:11–12) 
correctly sees the fallacy of these misleading positions and proposes a more consistent theoretical 
framework.  Testable propositions are put forward. 
What makes Renfrew’s approach so powerful is his dual understanding of the theoretical 
issues surrounding religious phenomena and the need for a systematic methodology for identifying the 
material correlates of such phenomena.  The material/behavioural correlates Renfrew outlines from this 
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theoretical basis form a fairly extensive list (ibid.:18–20) but are principally drawn from a four part 
model of what Renfrew calls the archaeological essence of religious ritual: 
1. Attention focusing; 
2. Special aspects of the liminal zone; 
3. Presence of the transcendent and its symbolic focus; 
4. Participation and offering. 
 
Although theoretically rough and short of documented recurrence, these essential characteristics of 
religious ritual and associated correlates set out a positive method from which Renfrew could evaluate 
the Phylakopi material.  (They also form the basis of the model in chapter 3.) 
In his analysis he was guided by three principles (ibid.:19–24).   
1. Religious ritual was repetitious and formal, as is expected from any ritual activity (Rappaport 
1979:176).   
 
2. Religious ritual marked a connection to the supernatural (Spiro 1966:96).  Most likely this 
could be seen through symbolic or iconographic features or as may be the case a separation 
between the sacred and the mundane.   
 
3. The context and scale of religious phenomena must be precise and large enough for multiple 
instances of recognition, a persistent pattern (Renfrew 1985:15). 
 
 Renfrew systematically approached the identification of religion by recognising the 
complexities of a religious assemblage, specific attributes (symbols) of the assemblage and how such 
attributes could be used to identify less materially evident instances of religious phenomena.  Renfrew 
recognised that objects are not intrinsically religious and it is only through a detailed process of 
reconstruction that it becomes probable to identify religious behaviour in the material record.   
The weakness of this early method is Renfrew’s lack of theoretical and methodological detail.  
His approach is systematic but the principles he uses are not sufficiently modelled, as they are in other 
processual analyses (e.g., Higgs 1972).  Nevertheless, Renfrew’s model was influential because it was 
one of the first to systematically apply a set of specific principles to a general body of evidence.  It does 
not simply try to interpret one type of data in isolation from the rest of the assemblage as was often the 
case in classical models of religion (e.g., Nilsson 1950).  It offers a basis from which to empirically 
identify religious paraphernalia as part of a behaviour.  
 
1.2.2  Levy 
Within the same systematic style as Renfrew, was Levy’s (1982) analysis of Danish Bronze Age ritual 
and non–ritual hordes.  Levy’s work is important for, like Renfrew, she distinguishes the analysis of 
behaviour from belief. 
Ordinarily we think of religion as the least recoverable aspect of past human life; in fact, 
remains of ritual can be an excellent data source for the examination of several aspects 
of social life.  This is so if we examine religion as a kind of behaviour rather than as a set 
of ideas.  (Levy’s 1982:117) 
 
This distinction is a critical aspect of an archaeological model of religious phenomena, because it 
allows the analysis of a behaviour rather than variations of symbolism and meaning (cf. Hubert and 
Mauss 1964 [1899]; Wallace 1966).  Like other types of behaviour, religious activity is open to 
archaeological scrutiny through its material remains (Levy 1982:5, 115).  Furthermore, because 
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religious behaviour is part of a cultural and a social system, it affects and is affected by all other parts 
of the system.  Religious behaviour will therefore generate a pattern of correlated material remains 
which is available for archaeological analysis (Levy 1982:5).  To understand religious behaviour it is 
necessary to understand how it fits into the general continuum of archaeological material – a holistic 
approach.  And as Levy showed in general it is important to distinguish behaviour from it material 
evidence.  
In generating a successful approach to religious behaviour Levy sets out two important stages:  
1. define material correlates for identifying religious behaviour (the polar extremes of 
sacred/profane continuum), and 
 
2. work this material into the general framework of a cultural system.   
In this way Levy (1982:17–18) is able to move beyond intuitive judgements and supposition towards 
the testable identification of religious behaviour. 
Levy sets out four generalised criteria for defining prehistoric ritual deposits and then follows 
this with a more detailed model of the criteria in regards to prehistoric Denmark.  Criteria and model 
are identical in structure (Levy 1982:19–23), the model being more detailed, but for convenience the 
two are summarised as follows: 
Criteria : Model 
1. special location : liminal place 
2. special object : formal code 
3. association with food : specialised food 
4. special arrangement of objects : formal structure 
 
Like Renfrew’s correlates the main feature of Levy’s criteria are to achieve a separation from the 
mundane behavioural activities.  While Levy’s research, is less refined in a theoretical sense than 
Renfrew’s Levy offers critically sourced criteria – a collation of 28 ethnographic accounts.  While 
theoretically less sound they seem more ‘real’ because of their ethnographic roots.  Unlike Renfrew, 
however, Levy makes it clear that the convincing appearance of her criteria result from known cross-
cultural assessments (i.e., Human Relation Area Files).  As chapters 2 and 3 explore, understanding the 
phenomena of religious recurrence requires an examination of both documented and theoretical 
material. 
 Levy’s analysis concentrates on identifying a pattern of material, which reflects a behaviour 
different from the general occupational material and behaviour of Bronze Age Denmark.  Her work 
was one of the first applications of a cross-cultural assessment of religious behaviour to use a 
systematic review of the archaeological record.  The actual religious correlates that Levy devises for 
use are limited in scope; they overlook some of the complexity of religious behaviour, but nonetheless 
they offer a glimpse at the type of workable format required for a realistic approach to the archaeology 
of religion.  As other analyses (e.g., Wait 1985) have come to realise, religious phenomena are 
archaeologically approachable only with a simplistic format; one that necessarily deals with the detail 
of the religion’s complex nature, but at the same time recognises that real material outcomes are far less 
fine grained in structure. 
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1.2.3  Flannery and Marcus  
The powerful Mesoamerican team of Kent Flannery and Joyce Marcus influenced Renfrew’s 
methodological approach to the archaeological study of religion, but moved along a different path.  
Early in his career Flannery (1976:331) recognised the need for a coherent archaeological model of 
religious behaviour: 
Mesoamerican archaeology has absolutely no coherent and consistent theoretical 
framework by means of which ritual or religious data can be analyzed and interpreted. 
 
Marcus later reiterated this point but explicitly expanded the notion to the whole archaeological 
discipline (Marcus 1978:172).  Stemming from a New World background their method of analysing 
religious propositions was contextually similar to Renfrew’s correlation model but differed in two 
important ways.  Marcus and Flannery 1) applied a strong ethnohistoric or Direct Historical Approach 
(DHA) and 2) expressed a functional interpretation of religious phenomena (Flannery 1976a:334–345; 
Marcus 1978, 1983; Marcus and Flannery 1994). 
Context for Flannery (1976a), as for Renfrew, was a critical factor in the identification of 
religious paraphernalia.  Flannery (1976:329–333) follows the general understanding that ritual by 
definition and operation is a repetitious action.  So artefacts related to the ritual will follow a formal 
pattern of discard (Marcus and Flannery 1994:56).  The patterns of such behaviour can be interpreted 
with the aid of ethnohistorical material (DHA). The basic idea is simple: isolate elements of the 
material record which are documented ethnohistorically and analyse the prehistoric context of these 
elements. 
While the earlier work of Flannery (1976:329–333) and to some degree Marcus (1978) tended 
to focus on the recovery of belief by interpreting for content, later it was correctly pointed out that 
belief is not archaeologically accessible but the items related to a process can be recovered (Marcus and 
Flannery 1994:56).  Archaeologists can recover a context but not a belief.  The distinction is important 
as it is impossible to systematically code for a belief but it is possible to code for a process.  This point 
is discussed in greater detail in the second half of chapter 2.  
In Mesoamerican archaeology the strong anthropological tradition of ethnographic analogy 
has over the years proven a potent interpretive tool (e.g., Nuttall 1904; Coe 1965; Paddock 1966; 
Sanders and Price 1968; Wauchope and Vogt 1969; Thompson 1971; Schele and Miller 1986; Carrasco 
1991).  As Marcus and Flannery (1994:56) point out, Mesoamerican ethnohistory shows a strong 
conservative dimension in relation to religion: 
Within the realm of the sacred, a high premium was placed on maintaining tradition and 
preserving anachronisms.  
 
Using historical material from colonial Spanish friars, Marcus and Flannery generated a framework for 
interpreting religious behaviour in the Oaxacan Valley (Marcus 1978, 1983; Marcus and Flannery 
1994). Yet in following a DHA Marcus and Flannery’s greatest strength is also their weakness.  The 
information which makes the interpretation possible is the result of applying historical analogy to 
prehistoric times, which does not allow for dramatic change (a problem which has continually plagued 
Flannery).  Later they address the problem of showing continuity and identifying change through time 
(Flannery and Marcus 1983) but still fail to address what Renfrew (1985:3) notes as the most basic step 
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in understanding religious systems, that is, to ask the principal question of, ‘How do I know this 
artefact had a ritual significance?’  The DHA employed by Marcus and Flannery tends to ride over this 
question in the sense that the answer is assumed as part of the analogy.   
Elsewhere they address the practicalities (e.g., location, quantity, rarity see Flannery 
1976a:341–344) of identifying features such as stingray spines as religious paraphernalia through 
contextual analysis, but tend to fall back on an analogy for their functional interpretation.  For example 
Flannery (1976a:341) cites ethnohistorical material in noting that ‘[t]he sharp, serrated spine of the 
stingray was a favored artefact for ritual bloodletting.’  However there is no empirically based 
methodology guiding this interpretation of the contextual data.  They never ask the question, ‘Why are 
certain contextual results necessarily religious?’  And in the process they make too many assumptions 
for valid generalisations.  The DHA is a powerful guidebook, and offers useful insight for specific 
cases, but it achieves results which are difficult to test or compare.   
Marcus and Flannery’s results are unquestionably good, greatly enhancing the current 
understanding of the early Zapotec state, but the results would be even stronger with the addition of a 
broader based, more systematic investigation.  Flannery and Marcus (1993:263) of course argue that 
with solid ethnohistorical evidence greater success can be achieved.  This is true, but there still exists a 
theoretical gap caused by the primary use of the DHA.  The best approach would be a theoretically 
sound methodology augmented by ethnohistory.  This does not mean the DHA is wrong.  It is better 
than a blind leap, for the evidence can be stated.  But with a more systematic approach, the propositions 
become increasingly testable.  
Marcus’ and Flannery’s theory tends to rely on the traditional models of religion (e.g., 
Durkheim and Malinowski) which lean towards a functionally based processual archaeology.  Like 
other processual approaches (Binford 1972), they have constructed a functional interpretation of likely 
religious paraphernalia rather than understanding these objects as an intrinsic (dyadic) part of a greater 
behavioural matrix (e.g., Marcus 1983; Marcus and Flannery 1994).  They do not develop the 
theoretical analysis of religion beyond its functional value.3
                                                          
3 Drennan (1976) as part of Flannery’s (1976a) classic Early Mesoamerican Village text explores some of the theoretical 
implication of identifying religious behaviour, but this is based on an early Rappaport (1971a:34–35) functional model which 
primarily dealt with understanding the message and not identifying the messenger; something Rappaport (1999:29–32) later 
addressed as an error.  
Religious ritual was seen as offering a means to ensure acceptance of an overriding social structure.  Drennan 
(1976:348) summarises this functional position by quoting Geertz (1957:426–427): 
Religion, by fusing ethos and world-view, gives a set of social values what they perhaps most need to be 
coercive: an appearance of objectivity.  In sacred rituals and myths values are portrayed not as subjective 
human preferences but as the imposed condition for life implicit in a world with a particular structure. 
   
 Marcus and Flannery, like Renfrew, identify religion as a powerful force in the control of 
behaviour.  They construct a four part method to study religion archaeologically: 1) create a historical 
model of religion; 2) extrapolate materially based religious correlates from the model; 3) contextually 
analyse these features; and 4) compare and contrast the contextual analysis with the historical model.  
The theoretical weakness in their work is their methodological strength, the better the ethnohistoric 
model the better the archaeological model.  Unfortunately it is impossible to measure the validity of the 
result.  In the end they create a holistic archaeological interpretation of the Oaxacan material culture 
which is significantly more advanced than standard subsistence modelling. 
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1.2.4  Richards and Thomas 
In contrast to Marcus and Flannery, Richards and Thomas’ (1984) analysis of Neolithic henge data 
used a completely contextual methodology in an attempt to understand the unusual site features of 
Durrington Walls.  Contemporary with Renfrew’s writing but coming from a different genre of 
archaeology, Richards and Thomas’ work offers another angle on the same problem.  At issue again 
was that standard models of interpretation (e.g., subsistence, settlement) had proven inadequate to 
interpret the site (Richards and Thomas 1984:189).  Like Flannery (1976a) they note that most henges 
tend to be thought of as ceremonial areas but they had no existing theoretical nor methodological 
means for verifying such a claim.  Without the advantage of vast ethnohistorical data, Richards and 
Thomas (1984:189) relied on a detailed analysis of the site’s depositional structure to identify ritual 
function: 
The criteria by which ritual activity might be recognised need hardly relate to the 
quantities of human refuse involved.  Rather, certain structural qualities of the material 
record might be more diagnostic.  It is this aspect of structured deposition that we will 
stress in our discussion of prehistoric ritual activity. 
 
The primary characteristic for recognising ritual activity within the analysis of Durrington’s 
assemblage was a formal level of deposition, that is, artefacts should be grouped as discrete entities and 
exhibit relatively homogeneous categorical associations.  The details and implications of Richards and 
Thomas’ analysis are explored later in chapter 3.  Here the background is reviewed. 
 Richards and Thomas recognised the need for a distinct methodology when trying to identify 
religious material, but where Marcus and Flannery jumped to advanced interpretation of religious 
behaviour and Renfrew undertook a more basic approach to identifying the material correlates of 
religious behaviour, Richards and Thomas take an even more elementary step in first asking the generic 
question, ‘What type of formal deposition constitutes evidence of ritual behaviour?’ 
Richards and Thomas offer a short review of the functional and structural features of ritual 
behaviour and arrive at a definition of ritual actions as ‘involving formal repetitive behaviour and the 
use of material symbols’ (Richards and Thomas 1984:190).  Armed with this definition of the 
depositional structure of ritual behaviour they review the material assemblage of Durrington Walls. 
 They systematically analyse the depositional pattern and conclude that certain portions of the 
greater assemblage are deliberately formal in structure (ibid.:214).  For example they look at the 
qualities and associative characteristics of stone tool assemblages, often noting deliberate combinations 
of materials (ibid.:204).  From this they conclude that ritual behaviour is most likely the cause of such 
depositional structure (ibid.).  The functional characteristics of the identified ritual activity are also 
explored in terms of artefact characteristics (e.g., types of faunal remains) and ethnographic analogy 
(ibid.:204–207).  On the theoretical side, the functional model they create for ritual behaviour neither 
conflicts with nor advances Spiro’s hybrid model of religion.  The analysis is at a more fundamental 
level, that is the identification of ritual action and not the relationship between ritual behaviour and 
religion.  They are not seeking to understand the practice of behaviour, only to diagnose it through its 
effects. 
 The methodology Richards and Thomas use, like that of Flannery (1976a) and Renfrew (1985) 
is clear.  It effectively targets the problem of identifying specific types of behaviour.  They 
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convincingly show that understanding the fundamental structure of ritual behaviour is the key to 
overcoming the problem of its identification.  The importance of Richards and Thomas’ model is that it 
generates substantial analytical strength for the identification of ritual behaviour.  The propositions they 
put forward about the structural deposition of ritual assemblages provide a test for associative patterns 
of material.  In doing so they achieve what Rappaport (1999:26) points out is the salient feature of 
ritual behaviour: they test not for specific elements but specific relationship among the elements.  The 
strength of the Durrington analysis is not in its theoretical advance, but in the basic detail of its 
identification process.  Later work in identifying ritual behaviour like Walker’s (1995) and Hill’s 
(1995) studies successfully use a similar approach.  Their merits are discussed in chapter 3. 
 Richards and Thomas take the primary step of understanding the material nature of the 
religious process.  Unlike Renfrew who starts with a list of criteria, or Marcus and Flannery who use 
existing historical information to interpret a pattern of features, Richards and Thomas look at how 
archaeologists construct a list of criteria and most importantly how the criteria operate in analysis.  
Their systematic uncovering of the detail of ritual behaviour contributes strongly to the development of 
testable means to verify archaeological propositions about religious ritual.  Later Thomas (1996) 
expands this idea with greater detail, adding a lengthy theoretical section which looks more closely at 
the relationship between the elements of religious behaviour.  This more holistic work is referred to in 
later sections. 
 
1.2.5  De Polignac 
Francois de Polignac’s work (1984 [trans. 1995]) is in terms of methodology substantially different 
from the preceding examples.  His work targets the identification of sacred space by demonstrating 
how the variation in geometric proximity,4 the voids between occupied places, can be seen as 
indicating sacred over mundane organisation.  The type, size, and location of voids relates to patterns 
of social behaviour.5  De Polignac’s research is discussed less for its methodological approach than for 
its influence in sparking a new focus in the archaeology of religion (e.g., Hägg et al. 1988; Marinatos 
and Hägg 1995).  As commented previously, for the great majority of archaeologists religion had been 
an interpretive tool not a structural element of society much less an independent, functional element of 
social organisation.  However with the publication of La Naissance de la Cité Grecque in 1984 de 
Polignac forged a decisive break in the traditional ideas of sacred space in classical archaeology.6
De Polignac’s research was designed to refute the ‘Athenian model’ (interpreting the 
organisation of the Greek polis relative to the development of Athens; e.g., Scully 1962).  But its 
greater effect was in demonstrating the centrality of religious concepts to the general spatial 
organisation of material culture (Alcock and Osborne 1994a).  Specifically, the identification of sacred 
space was shown to be necessary to understand the archaeological record.  According to de Polignac 
we could only begin to understand the structure and distribution of the polis by understanding the 
 
                                                          
4 Geometric proximity (following Zubrow and Daly 1998:161) is one of the most basic concepts in spatial organisation, where 
elements are differentiated based on their spatial proximities and associations. 
5 For a comparison see Edlund’s (1987) study of Eturia and Magna Grecia sanctuaries; or Parkin’s  (1991) analysis of sacred 
spatial variation among the Giriama in Kenya. 
6 Franois de Polignac’s (1984) work is not the first to identify the space (voids) of religious sites as important, but it is certainly 
the most influential (cf. Alcock and Osborne 1994). 
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distribution of sacred space.  Sacred space was critical to Grecian social organisation.  Rather than 
simply looking at religious sites as repositories or structures, de Polignac addressed the physical spaces 
and locations of sites within the landscape as a whole (e.g., de Polignac 1995:32–88; cf. Bradley 
2000:43–44; Knapp 1999:229–252; Morphy 1995:184–209).  Human organisation of space in relation 
to concepts of religion was shown to influence both environmental and social perceptions (de Polignac 
1995:36–41).  Concepts of the sacred were shown as being structural, functional and intrinsic to spatial 
behaviour.  Religion was a dyadic part of the cultural system, relating to both cause and effect. 
De Polignac’s book cites extensive examples from the extended Grecian world (extensively 
from the Geometric-Classical period).  His text was focussed on Argolid and the associated chief 
sanctuary of the Argive Heraion, located near the boundary (not the centre) of Argive territory (ibid.). 
In his interpretation, de Polignac contrasted the Argive Heraion and opposing settlements (1995:81–
88).  He emphasised that the use of bounded, sacred space (e.g., walled temples, open areas) coincided 
with other important changes in eighth century Greece (de Polignac 1995:30; cf. Edlund 1987:31).  
This differed from the traditional ‘Athenian sociopolitical pattern’ of religious spatial structure.  It was 
not an ‘Athenian model’ that was being replicated, rather the cities were conforming to a general 
spatial religious pattern.  Religion rather than simply politics (as with the Athenian model) was actively 
organising society (Alcock and Osborne 1994a:intro.).  As de Polignac (1995:33) concluded: 
the sanctuary would both reflect and, conversely, influence [being dyadic] the way the 
Greeks represented their own space, organising it around this point where superior 
powers were anchored in human reality.  
 
This conclusion varies substantially from a purely functional view of religion as a legitimiser 
of society (e.g., Binford 1972; Childe 1939).  Rather than a means to an end religion was an end in 
itself.  
 The ground breaking study by de Polignac legitimised and focused archaeological attention on 
the importance of considering the special geometric characteristics of sacred space; being both intimate 
and separate.  As de Polignac argued (1995:24), sacred space may indeed be mixed into everyday life 
(cf. Barrett 1989; Hill 1995), but it is also a separate entity which generates a unique pressure on socio-
spatial organisation.  As archaeologists we need to identify sacred space as a distinct element of the 
landscape and learn form the influence it exerts on site distributions (cf. Buikstra and Charles 1999; 
Knapp 1999; Knight 1986; Taçon 1990, 1999).   
For de Polignac, and those that followed (see Alcock and Osborne 1994) space in itself, both 
internal structural relations and the associated external voids became a central focus in the 
archaeological study of religious material.  Studying the organisation of space is an important part of an 
attempt to identify or reconstruct past religious behaviour.  While the importance of space is not new to 
archaeological landscape studies, especially in prehistoric archaeology (e.g., Bender 1993; Rossignol 
and Wandsnider 1992; Conkey 1982; Tilley 1994; Turner 1974), the recognition that sacred space 
specifically and directly influences societies’ spatial organisation (e.g., de Polignac 1995:81–88) opens 
new dimensions into the reconstruction of religious behaviour.  
De Polignac’s work is important because he examines the processes associated with religious 
behaviour.  He shows how perceptions of religious concepts, such as sacred space, influence the 
structure and function of society through a dyadic relationship.  Religious features are not descriptors 
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of society, rather they are components of society.  Identifying religious features in the artefactual 
record is important to understand how religious concepts influence the material assemblage. De 
Polignac’s research allows the space between artefactual assemblages, to be seen as a correlate of 
religious behaviour.  De Polignac’s identification of sacred space demonstrates that its structural and 
distributional character necessarily shows discrimination between the sacred and profane.  Like Marcus 
and Flannery, de Polignac uses a contextual model to identify the sacred, but his model is less 
functionally based making religion more intrinsic to sociocultural structure. 
 
1.2.6  Interim Summary 
The five preceding examples (see summary table below) represent the beginning of a systematic 
approach towards an archaeological understanding of religious phenomena.7
Table 1:  Major methodological and theoretical advances towards an archaeology of religion. 
  Derived from different 
archaeological genres they illustrate the wide-spread need for a better understanding of the way religion 
affects a cultural system.  The research tends to be fragmentary, as each genre approaches the problem 
from a unique, but internally coherent perspective.  Each genre regards the problem of reconstructing 
religious behaviour as unique to it own area of expertise, not as a general behaviour.  As shown in later 
chapters, such fragmentary insightful analyses can be brought together into a general model (chapter 3) 
based on causal processes (chapters 2 and 3). 
Individually, each of the examples represents a significant advance towards an archaeology of 
religion; together they suggest a powerful tool to investigate religion’s role in the structure of a cultural 
system.  They show that through a detailed systematic approach the central role of religion can be 
studied archaeologically.  The ideas from these examples are used throughout this thesis and especially 
in the construction of the model in chapter 3. 
 
Renfrew Levy Flannery and Marcus 
Richards and 
Thomas de Polignac 
Methodology 
Generates a systematic 
methodology which 
identifies the core 
principles of religious 
material behaviour. 
Identifies a core 
separation between 
religious and mundane 
activity.  Utilising a 
workable format. 
Recognise the repetitive 
nature of ritual 
behaviour and therefore 
recognise the need for a 
holistic approach to the 
archaeological record to 
determine context. 
Recognise the 
formal repetitive 
nature of ritual 
activity, both for 
context and object.  
Identifies the need to 
include an analysis of 
the geometric 
proximity, exhibited 
by the material record 
in relation to religious 
movements. 
Theory Dyadic theory   Dyadic/ Functional theory Functional theory Structural theory Dyadic theory 
Model Reductionism (but not a simplistic form) 
Reductionism (but not 
a simplistic form) Direct Historical Model Contextual 
Contextual (including 
the analysis of voids) 
Weakness 
Untested validity for 
methodology, 
mentalistic (assumed) 
theory. 
Unverified theoretical 
associations regarding 
core principles.  Lack 
of detail. 
Use of non testable 
historical analogy. 
Narrow application 
and no tests of 
methodological 
validity. 
Abstract theoretical 
base with no test of 
validity. 
Contribution 
Good understanding of 
theory.  Strong 
systematic  
methodology. 
Simplified theoretical 
analogy, strong 
systematic 
methodology. 
Good holistic 
application. 
Strong empirical 
application. 
Strong theoretical 
advance. 
 
 
 
                                                          
7 The preceding examples cite important developments, but by no means represent an exhaustive list.  A more comprehensive 
review is found in chapter 3. 
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1. Renfrew generated a correlation model that was based on the Spiro’s (1966) theoretical 
understanding of religion as a hybrid between social and biological forces.  Such a model 
permits the identification of attributes from outside a purely functional or structural 
understanding of religious concepts because the causal matrix of the attributes is not 
necessarily connected to other aspects of the cultural system.  Renfrew’s model represent a 
testable format from which archaeologists can identify religious phenomena.  The model is 
weak as it is yet to be tested (cf. Peatfield 1992) and the theoretical validity of the correlates 
needs expansion. 
 
2. Levy identifies belief as a separate feature of religious behaviour.  Religious behaviour is seen 
to be intrinsic to a cultural system but instead of a staunchly theoretical base (as with 
Renfrew’s work) her approach is derived from an extensive ethnographic analysis (although 
ending with a conclusion similar to Renfrew’s).  Levy’s analysis is decidedly smooth and she 
offers a very useful format.  Unfortunately her holistic assessment lacks a high level of detail.  
 
3. Marcus and Flannery show that by understanding religious phenomena archaeologists are 
better able to understand the material record.  They suggest that by following a systematic 
method it is possible to identify religious material as it relates to the general archaeological 
record.  The actual methodology Marcus and Flannery employ is suited to ethnohistorically 
documented societies, which offers interpretive advantages, but is also an empirical weakness.  
The ad hoc model it creates offers little in the way of testable correlates for identifying 
religion outside of the documented culture (unless as seen later the correlates represent 
recurrent elements of religious behaviour and not culturally specific variants). 
 
4. Richards and Thomas explore the details involved in recognising ritual at the artefactual 
level.  Rather than interpreting religious phenomena through an assumed ritual function, they 
set out a method for identifying the correlates of a ritual assemblage itself.  They look at how 
to extrapolate various levels of formality from a relatively basic artefactual assemblage.  
While the project was small in scale, it nonetheless offers useful insights for the use of 
qualitative and quantitative data to identify religious spatial behaviour. 
 
5. De Polignac advances the idea that religious space is in itself an important element in the 
identification of the religious process.  Archaeologists are specifically reminded to account for 
conceptual delimiters in the realities of space.  That is, the variations in the organisation of 
places is likely to relate in part to the perception of space.  
 
1.3  Material Identification of Religion – Australia 
The material identification of religious phenomena in Australia is in one sense very well developed and 
in another just beginning to emerge.  Aboriginal ethnographic studies have generated a vast quantity of 
documented research regarding the importance of religion in Aboriginal culture.8  However Australian 
archaeology, as distinct from anthropology, is only just beginning to understand the methodological 
importance of religion.9
                                                          
8 See sections 4.6 and 4.7 for a review of the relevant ethnographic literature.  See Sutton (1985) for a review of New South 
Wales material. 
9 The excavation and survey of Australian prehistoric sites has led to speculation about the possible religious ritual function of 
many areas (e.g., Bowdler 1981; Fullagar and David 1997; Gunn 2000; Johnson 1979; McBryde 1974; McCarthy 1948, 1961, 
1964; McDonald 1994, 2000a; McIntyre 1990; Morwood 1987; Stockton 1993; Taçon 1991; Tacon et al. 1996).  In particular, 
Stockton’s Blue Mountains Dreaming (1993) was a major influence on choosing the BMNP as the location for the current 
research.  However, archaeological research towards religious phenomena in general tends to be ad hoc and interpretive rather 
than methodological (e.g. Witter 2000). 
  Traditional Australian archaeology is generally processual in nature, and like 
the discipline in general, ascribes a certain functionality to religion.  Work stressing a dyadic theory of 
religion and its effect on interpreting a cultural system is only slowly emerging (e.g., Alcock and 
Osborne 1994; Barton and McDonald 1995; Jones and White 1988; McDonald 2000a; Taçon 1991, 
1999).  This section briefly reviews two examples of approaches in Australia which seek to unite 
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religious concepts and the material record.  The details are further explored in later chapters.  The 
Australian examples form a primary source in tailoring the model in chapter 3. 
 
1.3.1  Witter - Boat Rock Hill 
Witter’s (1989) research of Boat Rock Hill near Mulwala in New South Wales is an early example of 
an archaeology of religion in Australia.  Witter’s research comprises a several stage report that details 
site distribution, artefact analysis, and an ethnographic literature review.  Boat Rock Hill is a distinctive 
landmark jutting up from an otherwise nondescript undulating topography northeast of a wet-dry plain 
and approximately 15 km from the Murray River.  The hill is a prominent formation which lies 
generally outside the normal river foraging zone, generally known as the back country.  For many 
reasons, mostly due to historic diaries and intuitive judgements, Boat Rock Hill was believed to be a 
ceremonial centre for the area.  Witter’s research was designed to investigate the probability and 
implications of this assumption for archaeology and heritage management.   
In his survey and analysis of the archaeological assemblages Witter (1989:2) made several 
important observations in relation to the ritual nature of the hill: 
1. There is a zone of Late Holocene period (the last 5,000 years) camp ground on the southeast 
side.  It is limited, as though restricted from a ceremonial area. 
 
2. Early period (Early Holocene to Late Pleistocene) camping in exposures to the southwest and 
west of the rock well indicating a previous less restricted use of the hill. 
 
3. Presence of pieces of ochre on the campsite and a ground-stone paint palette on the southeast 
slope. 
 
4. A bare dome of granite about 100 m x 50 m something like a natural Bora (ceremonial) 
ground.  On the northern edge of this natural clear surface was an area (5 x 5m) of quartz 
blades production (sharp long, thin, narrow flakes).  These quartz blades have been speculated 
to be body scarification knives because of the absence of camp ground debris in this part of 
the site. 
 
5. Scars are present on cypress trees which mostly appear to be facing away from the summit of 
the hill.  They could have possibly served as warning scars if there had been a ceremony there 
relatively recently. 
 
6. Boat Rock Hill is a prominent landmark in a low undulating landscape situated on the 
northeast side of a Pleistocene lake known as the Kilnyana Plain. 
 
Without a methodology designed to handle the spatial behavioural correlates of religion (cf. Witter 
2000), the preliminary results were correctly interpreted by Witter as inconclusive evidence of 
ceremonial activity at Boat Rock Hill.  Witter however, like many archaeologists, has a strong intuitive 
belief that the hill was indeed a sacred place.  What he does offer is a predictive scenario which 
describes how the hill could have functioned as a sacred site (ibid.:4–5): 
… the main camp [associated with an initiation ceremony] is set up on the southeast 
slope [of a prominent hill] which has good exposure to the morning sun and access to the 
water in the well.  The boy’s camp is set up elsewhere.  The rest of the hill is a forbidden 
area.  The women must walk around it if they are to forage for plant foods…. 
 
[If such a scenario is true] it would be consistent with other such sites that there would 
be ‘zones of sacred influence’.  This would mean that the rock well and crest [of the 
prominent hill] probably would be of the greatest intensity.  The slope might form a 
second zone which also would be imbued with the power and influence of the site.  There 
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also probably was a third buffering zone around this which was ‘in the shadow’ of the 
site and in which influence was felt. 
 
The crux of this scenario is the idea of ‘zones of sacred influence’ (ibid.:5; cf. Doolan 1979) which 
represent a sacred spatial continuum (section 3.3.1.1.).  Formality of depositional behaviour is 
regulated by proximity to the sacred focus point (see section 3.3.1.3).  Thus assemblages vary in 
material structure (e.g., the main camp vs. the scatter of quartz blades) depending on their spatial 
relation to the likely concentration of sacred areas (e.g. the hill crest).  The closer an assemblage is to a 
sacred focus point (e.g. the rock well on the hill crest) the more formal its character, the farther away an 
assemblage is the more mundane and less formal. 
 Witter’s interpretation is a rather rare event in Australian archaeology.  It displays the 
probably influence sacred sites played in structuring Aboriginal spatial behaviour.  However the 
analysis is characteristically a functional approach based on land-use and not landscape principles 
(ibid.:6–7): 
The use of the back country [where Boat Rock Hill is located] was of great importance as 
an alternative source of food and nutrition as well as necessary to rest the river zone and 
allow it to recover.  It is in this context that I see the Boat Rock Hill as likely to have had 
a key role in the perception and life of the Aboriginal people in the area.  
 
Witter here follows Binford’s (e.g., 1968:15) notion that religion is (extrinsically) functionally social 
rather than structurally social.  In terms of a model for religious spatial behaviour, the structural 
features of Witter’s zone of sacred influence are less likely to be intrinsically tied to the concept of 
religion, and more likely tied in a relative manner to religion as a socio-functional behaviour.  Stated in 
another way what this means is that ceremonial behaviour is inextricably tied to a certain level of 
functional rationality, people use what is around, and models generated to reconstruct ceremonial 
behaviour must account for this local influence (i.e. relative influence).  
Given the preliminary nature of these early reports Witter is justifiable cautious in his 
argument for the sacredness of Boat Rock Hill.  However it is easy to sense that he thinks the area 
represents a religious site, but is unsure how to develop the idea.  Witter thinks his predictive scenario 
is valid, especially in regard to his zones of influence.  But by thinking of religion as a descriptor of 
culture10
                                                          
10 Binford (1968:15) has described the material elements of religion as an ‘empirical generalisation of data’ which describes but 
does not explain the data; a position I think Witter would agree with. 
 rather than a dyadic part of culture, fruitful comparative generalisation are unlikely to 
develop.  Nonetheless, Witter generates a practical (decidedly non abstract) assessment of Aboriginal 
land-use patterns related to past ceremonial activity.  This approach proves useful in constructing a 
realistic model and methodology (chapters 3 and 5). 
 While this is a rather deep reading of Witter’s reports, I think it offers a good example of an 
interpretive tradition common in Australian archaeology.  Witter displays adroit archaeological ability, 
and characteristically tackles the problem of identifying religious phenomena solely from a functional 
(objective?) perspective.  This I think unnecessarily limits the potential of his interpretations (cf. Orme 
1981:218) – solid as they are.  As explored in later chapters, Witter’s perspective continues to develop 
over the following decade and culminates in a more thorough understanding of the material nature of 
religious behaviour (e.g., Witter 2000). 
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1.3.2  Taçon - Power of Place 
Taçon’s work (1990, 1991, 1994, 1999) in Australia stresses the interactive relationship between 
humans and places.  Archaeologists understand the past in part by understanding the spatial 
relationship between material culture and geographic features.  People used places in different ways, 
which should to some degree reflect how they perceived those places (Taçon 1999:34).  Taçon utilises 
various analyses of rock-art and ethnography to link perceptions with landscape. 
Taçon’s work is used throughout this thesis, in this section two points are highlighted.  First, 
Taçon (1994:117, 127; 1999:36–41) recognises that the identification of religious behaviour is not 
about recognising specific objects, rather it is about reconstructing the processes11
Taçon (1990:13, 1999:37) identifies the relationship between awe-inspiring emotions and 
distinctive geographic features as a core set of principles related to religious behaviour.
 which underlie 
specific behaviours. 
What is most important here is not the particular details, interpretations and meaning 
contemporary peoples hold about the landscape, marks or the past but rather the 
processes and forms of landscape marking behaviour people have or continue to 
practice.  For it is by defining these processes that we may be able to better understand 
the ways in which and some of the reasons why landscapes the world over have been 
marked and socialised.  (Taçon 1994:127)  
 
In terms of a methodology to identify religious behaviour, it is important to concentrate on 
understanding the formative and organisational principles related to variations in the perceptions 
related to material culture.  And, part of the way towards defining a process is to understand its core 
features, which leads to the second point. 
12
1. places of natural transformation (mountains, valleys, gorges) 
  These 
features include (Taçon 1999:37): 
2. natural junctions (changes in elevation, waterfalls, dramatic changes in flora) 
3. unusual topography (peak, cave, hole) 
4. prominent vistas (places with dramatic views) 
Later in chapter 3 it is apparent that Taçon’s list is not exclusive, rather what is important is what it 
implies.  That is, physical distinctions in the natural world often parallel the human cognitive world (cf. 
Boyer 1994, 1995; Bradley 2000; Wright 1994).  As Taçon (1999:38) states: 
Thus we see a common pattern – human-made sacred places modeled on a core set of 
natural places.… 
Religious concepts by definition and practice require a separation from the mundane.  Religious 
behaviour will reflect this need.  Distinctive geographic features easily allow for, or anchor, 
associations with concepts from the sacred portion of the cosmos (e.g. Cole 1994:213; Jost 1994:217).  
In other words, the way humans think about the sacred (separate, unusual, strange, superhuman) fits 
with the way they think about the unusual features of the physical world (Mithen 1998).  This idea is 
explored in detail in chapter 3. 
                                                          
11 As David and Wilson (1999:163) have stated, this type of identification is not about meaning but more about understanding the 
process of relationship between people places:   
We are not suggesting that we can access ‘intentional perception’ [meaning] as such, but rather that by looking 
at the way people use and structure place in praxis, we can gain insight into how they position and order 
themselves in the world. 
12 Although Taçon’s selection is ethnocentric in origin, other more analytical work has reached similar conclusion, e.g. Townsend 
(1991), Peatfield (1992, 1994), Edlund (1987) and Derks (1998); for a detailed analysis see section 3.3.1.2. 
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Taçon’s work is important in building an understanding of the material nature of Aboriginal 
Australian religious behaviour because it complements Witter’s (1989, 2000) functional approach.  
Witter’s research shows how people were using objects differently at different places, and Taçon’s 
research shows how distinctive places were being used differently from ordinary places.   Taçon adds 
an appraisal of the abstract, perceptual, nature of religious concepts to Witter’s objective analysis of 
material culture.  By bringing the two approaches together over the course of this thesis it is possible to 
achieve a more holistic assessment of material culture.  Both approaches lay out some of the ground 
rules for an archaeological identification of religious behaviour in Australia and the more general 
model explored in chapter 3. 
1.4  Conclusion 
The archaeology of religion is complex because the issue is complex.  Research is fragmentary, and 
lacks methodological control.  But there is a developing sense that religious phenomena are a crucial 
component and perhaps more importantly a useful feature for archaeological analyses. 
 Two points from this first chapter are of critical importance for the development of the 
remainder of the thesis:  
1. religious concepts within cultures are structurally dyadic, and  
 
2. religion is principally characterised by a distinctive structural relationship between its parts, 
although none of its constituent parts are intrinsically religious. 
 
Religion is dyadic because it both structures society and is structured by society.  Culture cannot exist 
without religion, nor can religion exist without culture.  Because religion is part of the foundations of 
culture as well as a product of society, it is necessary to understand its likely influence on organisation 
when analysing cultural change. 
Regarding the second point, it is apparent that religious behaviour is not a select set of 
elements but a selective organisation of elements.  Select elements in isolation cannot identify 
(prehistoric) religion.  Religion is first and foremost about context, it is related to the way things are 
organised.  For archaeologists this means that methodologies for identifying and reconstructing 
religious behaviour must concentrate on understanding the spatial relationships amongst and between 
archaeological features (chapter 7), that is, they should identify the process through which things relate, 
and not simply identify what things are.  This theoretical idea proves vital in generating applicable 
methods (chapters 3 and 5) and in the analysis (chapters 6 and 7).  
Quality research is exploring the ‘mysteries’ of religious phenomena only to discover that in 
many ways religious behaviour is not very mysterious at all.  Through systematic analysis, material 
indicators of religious behaviour have slowly emerged.  The structurally formal nature of religious 
concepts is diagnosing a range of interactive relationships.  Religion, it seems, has a core set of 
structuring principles (section 1.2.6).  In modelling these principles (e.g., Renfrew 1998) it has become 
obvious that there exists a dynamic relationship between people, places and things.  Understanding the 
nature of this dynamism, that is, the convergence of brain/mind, space and material culture is proving 
to be critical in understanding religious behaviour. 
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CHAPTER 2 – Theory 
 
Clearly any set of phenomena as complicated as religion – indeed any social complex – 
for total understanding has to be subject to investigation by several disciplines.  
(Gluckman and Eagan 1966:xxii) 
 
If a theory purports to explain the existence of religion, but its concepts are so general or 
so vague that it cannot explain the variability exhibited by its empirical instances, it is 
disqualified as a scientific, i.e., a testable, theory.  (Spiro 1966:99) 
 
This chapter describes the theoretical position taken for the BMNP Project.  It synthesises a collection 
of material to form a model/theory (chapter 3) which is then tested later in the thesis (chapter 7).  This 
chapter brings together formal reasoning and experimental facts to define a general theory of spatial 
behaviour as it relates to religion.  This chapter aims to understand the causal structure of religious 
behaviour in order to more accurately model its recurrent features. 
As Gluckman and Eagan wrote (above), the complexities of religion require a 
multidisciplinary approach.  The material presented here is merely a selection of theoretical 
information relevant to understanding the model (section 3.4).  The complexity of the problem is 
acknowledged, the important information is cited, and the discussion then moves on.  This thesis is not 
claiming a definitive theory stemming from several disciplines, nor does it purport to have uncovered 
anything new nor strive for a complete philosophy.  It focuses on bringing a select group of theoretical 
and experimental research together to reveal salient principles of religious spatial behaviour.  As with 
any analysis the subject is broken down into parts in a somewhat artificial manner and then crystallised 
back into a whole.  It is inevitable that some features will mask others, but I think the ones discussed 
here reveal pertinent organisational information about religious behaviour. 
 This chapter implements what I think is a realistic approach to theory.  As an undergraduate 
doing survey work for an engineering firm one summer, I remember the difference between the plan 
and the reality of the site.  The plan was simply to mark offsets for a new freeway exit, something 
which should have only taken a few hours.  In reality, the slope of the hills and thick growth of trees 
made the task exceedingly difficult.  As work progressed it was discovered that the natural drainage of 
the area required a radical redesign.  The engineer who had drawn the plan had not visited the site and 
therefore had not taken into account its unique circumstances.  The same can be said for much theory in 
the social sciences, including archaeology.  This chapter looks at the theory behind the phenomena of 
religious recurrence13
                                                          
13 Recurrent religious phenomena see Boyer (1994), Lawson and McCauley (1990) and Wallace (1966) discussed in section 3.2. 
 from a methodological viewpoint:  what is needed to operate in the field. 
This thesis is trying to uncover a pattern of spatial behaviour as it relates to concept formation.  
Whether this relates to ‘thoughts’ or other mental functions is not necessarily important (for discussion 
see Renfrew et al. 1993).  As discussed in this chapter behaviour is never axiomatic nor intrinsically 
teleologic; behaviour is both adaptive and expressive.  All behaviour is selective and should be 
modelled on probability scales (section 2.2.1).   
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Behaviour results from a mix of intentions.14
 Background  Understanding the causality of religious behaviour requires an explanation of 
why such a pattern exists.  Simply using recurrent features to highlight religious behaviour in the 
material world, without addressing the causal principles surrounding their generation and how often the 
trend occurs in general, leads inevitably to a vacuous methodology at best.  Chapter 3 details the core 
features of recurrent religious behaviour
  Decisions are conscious, they are unconscious, 
and they are socially and biologically driven.  Trying to neatly package decision-making into axiomatic 
categories results in driving into trees in the field while reading a map.  The best this thesis can hope 
for is to try to understand the vast amount of detail associated with religious behaviour by uncovering 
some of the causality associated with its salient principles (sections 2.3–2.5).  When trying to 
understand the past, all people make assumptions; I think it is important to examine the basic 
components of these assumptions. 
15
Table 2:  Table summary of the core features of recurrent religious behaviour (see indicator 
model in section 3.4, Table 6). 
 as: 
Religious Spatial Behaviour liminal divisions (geographic features and spatial voids) and graduated (formulaic) spatial  organisation 
Religious Depositional Behaviour structured deposition and selective arrays of objects 
Attention-Focusing Behaviour clear direction and break in the stimulation of senses along a defined path 
Selective Iconographic Behaviour abstract, ambiguous, homogeneous, and clinally distributed 
 
While these features are derived from recurrent patterns, before it is possible to expound this model 
(sections 3.3.1–4), or really understand its persistent nature, it is important to outline its probable causal 
structure.  The strength of the above features in identifying religious behaviour lies not only in their 
                                                          
14 Intentional and Unintentional Behaviour    The major criticism of sociobiological explanations of behaviour is that it 
advocates unintentional factors, such as genetic makeup, as the sole cause of behaviour (e.g., Wilson 1998).  Humans have 
biological needs which dictate decision making.  This results in an unnecessarily dogmatic position.  What is actually the case is 
that sociobiological needs (such as religion) must be an intentional need (recognised) and not an unintentional effect 
(unrecognised) (see Rappaport’s 1967:237–238; Spiro 1966:107–108). What is required therefore is an understanding of intended 
functions. 
Now it can hardly be said that people sat around and decided that the best way to satisfy their need for explanations 
(meaning) required the development of a supernatural being (an intended and recognised act).  Equally however it is improbable 
that all cultures have simply blindly generated supernatural explanations (an unintended and unrecognised act).  Spiro (1961, 
1966) brilliantly understood that in fact religious needs can be met by a combination of intentions.  Following Merton’s (1957) 
dichotomous classification of manifest and latent behavioural functions, Spiro (1961, 1966) subdivides intentional and 
unintentional behaviour into four categories: 
1. intended-recognised; 
2. unintended-unrecognised; 
3. intended-unrecognised; 
4. unintended-recognised. 
The first two subdivisions are unrealistic expectation of religious behaviour (above paragraph).  The fourth, while simple enough 
to understand, does not account for the causality of religious behaviour (i.e., its recurrence or persistence); for example, a 
particularly large rainfall in a dry climate may create the right conditions for a large ceremonial gathering, but satisfying the 
function does not necessarily specifically require rain (another exploitable resource could service).  The third, while in some 
ways paradoxical, is according to Spiro (1966:109) the correct understanding of religious behaviour.  Intentions are a 
combination of conscious and unconscious motivators which means that certain functions will be unrecognised. 
Assuming that intentions may be conscious as well as unconscious, this paradox is more apparent than real: if a 
behaviour pattern is unconsciously motivated – or, more realistically, if its motivational set includes both 
conscious and unconscious intentions – one of its functions, although intended, is unrecognised.  (Spiro 
1966:109) 
Thus intentional behaviour results from more than just conscious decision making and therefore in part can be 
understood from sociobiological principles (cf. Donald 1998:183; Halle 1998:57).  At the same time universal explanations of 
behaviour which dramatise unconscious biological motivators, epigenetic constraints, biological rules which constrain and direct 
the effect of a stimulus on the mind, are equally incomplete (section 2.3 – 2.5).  What is needed is an understanding of the 
complex mix which is behaviour. 
15 The recurrence of features is the basis for an archaeological definition of religion (cf. Mithen 1998:98; Peatfield 1994:20; 
Renfrew 1985, 1994a:51–52; Renfrew and Bahn 1991:358–362; Trigger 1999:139; see section 3.2). 
CHAPTER 2 – Theory 35 
 
persistence but also in their theoretical causal foundations, why something recurs.  Demonstrations of a 
specific association between certain variables without an understanding as to why that association is 
occurring, will forever flaw the theory (and model). 
Chapter Organisation  This chapter synthesises some of the causality associated with the 
spatial, material, attention-focusing and iconographic behaviour recurrently associated with religion 
(Table 2).  The first part examines a general theory for understanding the material aspects of religious 
behaviour.  Religion is heuristically broken down into twin complimentary components of hardware 
and software.  Hardware being the more consistent component, forms the focus of the causal analysis.  
The second part looks independently at the three main hardware features of religious behaviour 
(brain/mind, space and material culture) in relation to the four core principles of recurrent religious 
behaviour (Table 2).  The chapter wraps up with a general conclusion and a table summary of the 
important points to carry forward into chapter 3. 
Part I Understanding Our Assumptions 
2.1  Cognitive Religious Theory 
The theory synthesised in this chapter is labeled cognitive religious theory (CRT).  CRT relates to the 
theoretical understanding of religious causality.  CRT stipulates that the concept of religion and the 
resulting religious behaviour is constrained in some degree by: 
1. the realities of the brain/mind (e.g., neurophysiology and psychology: Pinker 1997; Tooby et 
al. 1992; cognition: Boyer 1994; section 2.3); 
 
2. the realities of space (e.g., geometric principles: Hillier and Hanson 1984; orientation: Parkin 
1992; section 2.4); 
 
3. the realities of material culture (e.g., places and objects: Renfrew 1998; iconography: Sperber 
1975; section 2.5). 
 
The synthesis of brain/mind, space and material culture create a stable framework for social cognition 
and behaviour.  The cultural and biological rules that govern these three realities make certain aspects 
of each crucial to the spatio-temporal replication of a behaviour (e.g. recurrent religious phenomena).  
According to these foundations of CRT, because religious behaviour operates with certain constraints 
there exists a strong likelihood that it will create identifiable patterns. 
2.2  CRT as Hardware and Software 
The basic idea put forward by CRT is that religious cognition is the result of both hardware and 
software.  The beliefs relate to software and can vary as long as they conform to the hardware protocols 
(cf. Knight 2000; Pinker 1997:312).  Utilising Knight’s (2000:190) analogy, if the brain/mind was a 
computer with no basic instructions (e.g., BIOS) installed it would be impossible to ‘teach’ it anything.  
The brain/mind would not be able to understand any information without a preexisting basis for doing 
so.  Machines (brains/minds) need some level of prior information on which they can understand or 
compute new information.  The human brain/mind is not a tabula rasa.  The brain/mind does indeed 
develop as it learns (firmware can slightly alter the hardware) but it is always structured first by prior 
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information (e.g., Boyer 1995; Hermer 1997; Piaget and Inhelder 1956; Piaget et al. 1960).  As Knight 
(2000:190) has stated, ‘sense can be made of the input only thanks to equipment previously installed’. 
Figure 3:  Religious cognition as hardware and software. 
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Religious Cognition
(interpretation)
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The software, the operational environment people think they live in (e.g., different word 
processing programs), varies with each system, hence there are different ways a task can be handled.  
(But the variation in software must still adhere to the system BIOS.)  A computer is able to understand 
different software, and operate with it only if it relates to the basic operating system.  Variation is 
structured according to these basic rules.   Religious detail (type of god, type of symbol, type of ritual) 
emulates software and comes in many forms, but the basic operation (the process of behaviour such as 
the formulaic organisation of rituals) the way people do things rather than the things themselves can be 
seen as reacting in part to previously installed protocols. 
Variations in meaning are therefore in one sense reactions of a basic neurologic rule system to 
the complexities of the real world (Pinker 1997:525).  The way people do things is similar, but because 
the real world is complex the outcomes look different.  Explanations can differ, but actions are similar.  
Your word processing software is different than mine, but because we both use DOS based computers 
the software has basic structural similarities (coding, sequencing, direction, etc.).  The hardware is the 
reality (the real world) in which religion operates: the brain/mind, space, and material culture.  It is this 
hardware, the core structural properties that this chapter targets in examining the variability and 
persistence of religious behaviour.  Religious meaning is individual, but religious behaviour in general 
revolves around a standardised or collective understanding that meshes with the physical world (see 
Table 2; cf. Pinker 1997:308).  It is possible to begin effectively modelling religious behaviour by 
understanding the way the hardware constrains it.  
 
2.2.1  Selective Models  
It is important to stress that CRT is based on selective and not generative models.  Selective models 
indicate levels of probability, allowing for a degree of flexibility, and they can deal with multiple 
causes and outcomes.  Generative models are staunchly dogmatic.  In this thesis selective modelling 
will allow the empirical examination of behaviour, which proves critical in the analysis (chapters 7–8).  
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Cognitive approaches towards social theory are based on flexible sets of correlates which identify 
increasing degrees of probability (cf. Pinker 1997:308–314).  They set the ground rules, but they do not 
tell you which variant to choose from those provided. 
 Selective models state that if a series of recurrent features are present these features will result 
in a probabilistic model.  Boyer (1994:10) describes selective models as: 
(1) a set of underlying mechanisms that are necessary yet insufficient to produce the 
reoccurrence, and (2) a set of inputs such that, given the underlying mechanisms, they 
will produce the reoccurrence. 
 
Selective models deal with causal factors and their probable outcomes.  Cognitive theories rely on 
selective models as they deal with causal factors as the constants ‘n’ (i.e., the hardware: brain/mind, 
space, material culture are the determined constraints), and the environmental and social factors as the 
variables ‘+1’ (see Pinker 1997:312, for specifically religious cognitive factors see Boyer 1994:29–60). 
 This thesis uses selective models in modelling religious behaviour.  The basic parameters of 
behaviour are identified as hardware, within which related activities can vary.  This chapter looks at the 
way the hardware influences the probabilities, while chapter 3 works in reverse by looking at a range of 
outcomes as they relate to selective parameters.  In chapter 7, where spatial patterns in the 
archaeological record are analysed, selective models prove critical in identifying the specifically 
targeted religious behaviour, because they allow for a controlled input (e.g., distance matrix algorithm 
section 7.1.3) of the various probabilities found in the BMNP archaeological record which can be seen 
to be associated with religious behaviour. 
 
CRT Summary  CRT, in short, states that because religious behaviour is partially constrained 
by the realities of the world, the hardware, it is possible to develop a theoretical rationale for the 
archaeological identification of religious behaviour (e.g. Mithen 1998:100–104).  It is likely that certain 
trends in hardware associations are related to religious behaviour (cf. Boyer 1994:29–60, 1995:615–
618).  This is why I think it is possible to model the basic material correlates of religious behaviour. 
 CRT differs from the plethora of biological and cognitive spatial theories in one very 
important way: CRT is axiomatic in application but is not axiomatic in implication.  CRT accounts for 
the variety in human spatial behaviour by explaining that the forces driving CRT are constant but these 
constants only shape and do not determine an outcome (cf. Spiro 1966:107–108).  CRT is always 
applied but the outcome is selectively probable not generative.  It is possible to model the structure of 
the process but not necessarily the result.  The basic form of CRT can be described as a complex 
relational model which allows probabilities to control the abstract relations between religious concepts 
and spatial features.  The heuristicability of ideas is constrained by the nature and the interaction of the 
brain/mind, space and material culture.  Generalised parameters of religious spatial behaviour are 
identified which account for the most likely outcomes but not necessarily for all possible outcomes. 
CHAPTER 2 – Theory  Part II Hardware  38 
 
Part II  Hardware 
Because of the multidisciplinary nature of the material in this chapter a smooth synthesis is difficult to 
achieve within a limited space.  Unrelated types of causality can result in a related series of actions.  
Main points are examined in each of the following sections and summarised in the conclusion.  The 
dynamic relationship between the core features of religious behaviour (Table 2) and their various 
underlying causes (how everything fits together) is best detailed in the model in chapter 3.  This second 
part introduces some of the important pieces of that complex puzzle. 
2.3  Brain/Mind: Biology, Neurology and Psychology 
The idea that religious behaviour results from a combination of biological and psychological forces is 
in conjunction with what Gibson (1996) calls the biocultural brain, where the brain/mind and 
behaviour are conditioned by biological (mental) constraints and environmental inputs.16
2.3.1  Religious Neurophysiology 
  This thesis 
develops the biocultural concept further, in a different direction than Gibson’s original model, but the 
basic understanding is the same.  Not all action (in spatial cognition or elsewhere) is specifically 
directed by a desired outcome and may result from biologically constrained processes (cf. Atran 1995; 
Boyer 1994; Hart and Conn 1991; Keil 1995; Tooby et al. 1992).  Pinker (1997a:120) has argued the 
physical components of the brain/mind are likely to operate as ‘elementary information processes.’  
Evidence of a relationship between neurophysiological functions and a behaviour does not necessarily 
mean a direct connection between a particular synapse firing and the actualisation of a behaviour.  
Neurobiology and behaviour provide a convergence of evidence which reinforce each others’ results 
when using appropriate questions and methods (Kosslyn 1997:168).  This section is about how specific 
behaviour relates to mental functions. 
 
Perhaps the best place to begin is to establish a direct connection between the brain’s physiology and 
specifically religious cognition.   Is there evidence that religious cognition has cerebral correlates?  The 
short answer is yes. 
 In a recent paper Newberg et al. (2001) reported a statistically meaningful link between 
spiritual meditation and neurologic alterations (cf. Andresen 2000; Benson et al. 1990; Jevning et al. 
1992; Laughlin et al. 1979; Newberg et al. 2001a; Tooby et al. 1992).  The brain functions in a very 
specific way in response to specifically religious cognition.  Two findings from the study feature 
prominently and are of particular importance for this thesis.  First, there is strong evidence to indicate 
an increase in use of the parts of the brain associated with attention-focusing (see Table 2).  Second, the 
results suggest participants experienced alterations in the parts of the brain associated with visual-
spatial tasks.  The principal importance of the study is that it demonstrated a direct link between 
                                                          
16 The relationship between biology, psychology and behaviour in itself is one of considerable debate in archaeology (Rindos 
1986; Foley 1987; Ingold 1987, 1990; Kinzey 1987; Bateson 1988; Clarke and Lindly 1989; Mellars and Stringer 1989;  Lee 
1991; Gibson and Mellars 1996) often focusing on one side (biology or culture) dominating  the other.  Is a behaviour relative to 
the culture or is it a universal characteristic?  Nevertheless both sides of the arguments tend to agree that behaviour is the result 
of both biological and cultural pressures (Lee 1991) even if it is disputed as to which came first in any given case.  There is no 
need to revisit this argument in great detail here as this thesis is arguing the midpoint, biological processes increase the likelihood 
of behavioural expressions.  On a probability scale biology increases the chances for specific types of behaviour. 
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specific neurophysiological activity and religious cognition.  Religious cognition can be seen to relate 
to specific parts of the brain. 
 The study measured changes in regional cerebral blood flow (rCBF) in eight experienced 
Tibetan Buddhist meditators.  The differences in rCBF were compared against a baseline SPECT 
(single photon emission computed tomography) scan and with a control group of non-meditators.  The 
idea was to determine which parts of the brain became more or less active during specifically spiritual 
meditation. 
The increase in rCBF in the section of the brain used during concentration tasks was according 
to Newberg et al. (2001:120) consistent with other studies which highlight active attention-focusing in 
the brain.  This result is of particular interest because it independently identified one of the recurrent 
features of religious behaviour (Table 2; section 3.2).  Section 2.3.3 below shows that from a 
psychological perspective attention-demanding features form part of the crux of religious cognition.  In 
addition, section 3.3.3 shows that the need for the focusing of attention actually structures the spatial 
organisation of ceremonial grounds.  Thus three different sets of data (physiological, psychological, 
and contextual) all indicate that attention-focusing is a critical aspect of religious behaviour.  From a 
causal perspective it is highly likely that the ability to focus attention is central to religious activation. 
Next, the correlation in activity between the lobes connected with visual-spatial task indicates 
that religious cognition is associated with an altered sense of space (Newberg et al. 2001:121).  Like 
the association with attention-focusing, Newberg et al. have independently identified another key 
feature of religious cognition (Table 2).  Section 3.3.1 shows that spatial features which indicate a 
contrast with their surrounding, such as vistas, caves, or precipices which mark a change from the 
geographic norm, have a strong recurrent use with religious ceremony.  Psychologically, it can be 
shown that such alteration of the sense of space relate to the counter-intuitive nature of religious 
concepts (2.3.3 below).  In other words significant alternation in the way humans view space can be 
seen to relate strongly with religious cognition. 
 The findings by Newberg et al. (2001:121–122) indicate that specific changes in neurologic 
activity are related to religious cognition.  It seems likely that specific parts of the brain related to 
specific neurologic tasks are associated with the activation/formation of religious cognition.  As this 
appears to be true then understanding the way the brain interprets space (e.g. spatial memory, 2.3.2) 
and the way concepts are formulated in the brain (e.g. domain-specific concept formations, 2.3.3) is 
central to understanding the relationship between religious cognition and the brain/mind. 
 
2.3.2  Spatial Memory  
If the neurologic perceptions of space is linked to religious cognition, we as archaeologists need to 
know specifically about neurologic spatial perception’s relation to the basic understanding of space.  
What qualities of spatial perception (geometric recognition, colour recognition, orientation) are most 
basic and therefore likely to be subjected to neurologic activity?  What perceptual qualities are likely to 
change when the brain changes?  These questions can best be answered in a short analysis of spatial 
memory. 
 The formation, maintenance, and utilisation of spatial memories are important evidence in 
understanding how the brain implements spatial behaviour (Blaut and Stea 1973; Lynch 1960; Marr 
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1982; Meinig 1962, 1979; Piaget and Inhelder 1956; Tuan 1977, 1979).  One question along these lines 
within cognitive and behavioural neuroscience, pertinent to this thesis, is how spatial memories form 
(Gazzaniga and Ladavas 1987; Georges-Francois et al. 1999; Hart 1981, 1984). 
The neuroscience underlying the study of spatial memories is elaborate and complex, however 
the core principles derived from this work are straight-forward.  In general the most up-to-date work 
comes from experiments involving learning, spatial memory and neural activity (e.g., Hermer 1997; 
Hermer and Spelke 1994; Rolls et al. 1989).  The best way to grasp the material is with a case study 
that incorporates the information which most concerns the interests of this thesis. 
 Hermer’s (1997, et al. 1999) experiments on the spatial memory of children are a good 
example of the internal coherency of environmental data showing that space is perceived in accordance 
with both a biological path and environmental features.  Her study (1997:1743) found that children’s 
spatial memories are internally coherent in that: 
the locations subjects [children 3.5-4 years old] chose were in a correct spatial 
configuration relative to one another as well as to the environmental geometry, despite 
the fact that the environment’s symmetry would have revealed any individual binding of 
memory for object positions to local environmental features.  
The experiments showed that memories for environmental layouts were initially associated not with 
individual environmental features but with a broad environmental configuration.  It is the total 
environment and not any one specific feature which aligns spatial memories.  Such memories are 
implemented internally along continuous maps and not externally to any specific cue (Hermer 
1997:1746).  This process suggests hippocampal place cells and spatial view cells17
The brain has biologically structured slots, predetermined nodes for the recognition and recall 
of spatial information.
 encode the internal 
memory.  The perception of the environment seems to be trying to fit into constrained slots in the brain 
which are most suited initially to coincide with gross environmental interpretations. 
18
1. Non geometric (social) and geometric (brain and space) information are necessary features for 
creating, maintaining, and utilising spatial memory, however, it is the gross shape of the 
environment which is most likely to form the body of any particular spatial memory. 
  This does not mean that concepts of space are derived from such areas of the 
brain, rather these areas constrain the direction a concept can develop.  A similarity of spatial behaviour 
follows a similarity of neural activity (Hermer 1997:1743). 
Two important points can be gleamed from Hermer's study. 
 
2. Interpretations of the environment are tied directly into an internal perception of these 
features.  These points suggest that humans perceive space, at least initially, in accordance 
with a continuous map of environmental cues that is structured along internal (neural) activity. 
 
Archaeologically this means that while individual sites or features of a site contribute to the spatial 
configuration of a place it is the gross shape or space between the specific features that most easily 
binds the spatial configuration.  The relationship between material objects, such as variations in the use 
                                                          
17 Spatial view cells are cells found in the hippocampus and respond to what is being seen rather than place cells which respond 
to where the subject is.  Within hippocampal functional research (in primates) it has been shown that spatial view cells which 
responded to one part of the environment did not respond to another; specifically between objects at different allocentric 
locations (Rolls et al. 1989;1998; Robertson 1998).  Allocentric refers to a coordinate system based on external cues such as the 
relationship between two chairs as opposed to an egocentric coordinate system which would locate the chair relative to the 
viewer.  Thus the internal coding of spatial memory identified by Hermer can be seen to likely relate to specific levels of 
hippocampal activity.  Moreover, in a recent study by Georges-Francois et al. (1999) it was demonstrated that spatial view cells 
respond to allocentric coordinates (i.e., external space such as a room) rather than egocentric coordinates (i.e., the position of the 
body).  Thus Hermer’s model of a continuos map based on the gross environment is in accordance with neurologic results. 
18Compare Atran (1987, 1995); Keil (1995). 
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of voids (e.g. de Polignac 1984), and not necessarily the objects themselves is primary to people’s 
perceptions.  The ‘where’ takes precedence over the ‘what’ (cf. Binford 1982).  This insight proves 
vital to later chapters, because, when looking for relationships between environmental features, and 
archaeological features, the model stresses the more general spatial configuration of a location (e.g., 
sections 5.2–3, 6.4, 7.1.3). 
In the initial selection of a place for a specific activity the gross shape and not a single feature 
should prove most decisive (cf. Maschner and Stein 1995:72).  The reutilisation of a place for the same 
behaviour through time, such as the recurrent ritual use of a site, is most likely related to the gross 
shape of the environment.  This highlights yet another recurrent feature of religious behaviour: the 
strong relationship between distinctive geography and the location of ceremonial grounds (Table 2, 
religious spatial behaviour).  Where alteration of the environment’s gross shape occur, ritual behaviour 
is often found in the archaeological record (e.g., Cole 1994:213; Peatfield 1992:59–61; Taçon 
1994:128–129, 1999:36–41).  According to Hermer's research people use places in similar ways 
because the general characteristics of the place itself form the basis of spatial perception.  This makes 
intuitive sense, as it is likely one of the reasons culturally diverse people can ‘feel’ a place is special but 
are unable to pinpoint any single thing which supports this assumption. 
The initial formation of spatial memory is strongly associated with the gross environment. 
Subsequent familiarity with this environment breaks the region down into place-related areas 
recalibrated by learned perceptions.19
2.3.3  Conceptual Domains 
  Humans remain influenced by the initial (geometric) perceptions 
of space, even when they are masked by detail.  The place where people are is always related to the 
space which surrounds it.  This understanding of spatial perception structures the methodology. 
 
Psychology and biology provide two different, but complementary, approaches to the same problem 
(Pinker 1997:554–558).  The preceding neurophysiological research indicates that from a biological 
standpoint there is a basic structure that exists before learned associations.  A psychological perspective 
seems to show the same thing.  
Domain specific theories in psychology and anthropology suggest that a basic structure of the 
mind exists prior to concept formation, and influences its nature (e.g., Atran 1987, 1990, 1995; Atran 
and Sperber 1991; Hirschfeld 1988; Keil 1989; Lewis 1995; Morris et al. 1995).  The general idea 
revolves around the apparent modularity of the mind into domain-specific knowledge centres (Atran 
1981; Fodor 1983; Mithen 1996; Sperber 1985).  Research in cognitive anthropology has found a 
limited number of core domains relating to the conceptualisation of information (Atran 1995:216).  
Keil (1995:260) summarises the idea thus: 
                                                          
19 Donald (1998:181) offers a concise example of this interconnective relationship in his review of Strathern’s (1998) paper on 
the ‘externality’ of social relations within Mekeo villages. 
Strathern’s paper showed very clearly how the physical setting of a village reflects and transmits cultural 
knowledge in New Guinea.  The plans of such villages are really shared analogue constructs that serve as 
shared cognitive maps.  These constructs are ‘stored’ in the permanent organization of the village itself.  For the 
most part, the symbolism implicit in a village plan shapes day-to-day social interactions, and serves as one of 
the foundation stones of local culture.  Perhaps most importantly, it is also the basis for the acquisition of these 
same cognitive maps by subsequent generations.  The village plan is thus transformed into a transmitter of 
cultural knowledge, serving as what some neo-Darwinians call a ‘replicative’ device, as well as a stabilizing 
force on the culture.  (Donald 1998:181)  (my italics) 
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Both empirical studies and some more principled arguments suggest that the property of 
homeostasis view of natural kinds [related concepts not artefacts] fits very nicely with a 
psychological model of concepts as always embedded in theory-like structures which owe 
their origins to a small but diverse set of fundamental modes of construal [domains of 
the mind] – a model that posits a specific view of conceptual change. 
 
It seems that there are mental domains of intuitive knowledge which are not related to experience. 
During the initial stages of development relevant knowledge is structured according to domain-specific 
thought patterns.  As Boyer (1995:623) argues: 
research indicates that a whole variety of early-developed, intuitive principles constrain 
conceptual development, and that these principles constitute domain-specific 
understandings of particular ontological domains. 
 
While the mind acts across domains, basic concept recognition is anchored within specific mental 
domains (cf. Mithen 1996, 1998:101–104). 
 Domains naturally limit the range of concepts that can be associated with them.  (This allows 
the model in chapter 3 to highlight, if not all the features of religious behaviour, the dominant ones.)  
As Boyer (1995) has investigated, concepts by definition have certain domain-specific principles, 
however culturally variable, which limit judgements in relation to the concept.  The concept of religion 
for example implies limited cross-over with other domain-specific principles.  Specific causal 
judgements are linked to specific concept formulations.  If the judgement violates this formulation it is 
assigned to a new concept (Atran 1981; Fodor 1983; Sperber 1985).  Religious concepts are ‘religious’ 
because they fit most readily into the religious cognitive domain.  Different conceptual domains 
contain different principles relating to their unique blend of conceptual qualities.  The domain of a 
mental module is simply an association where all the information satisfies the module’s demands 
(Sperber 1994:66–67).  As Boyer (1995:623) writes: 
The fact that a given structural principle is available in one domain does not imply that 
is applied to any other domain.  The notion of formally defined stages, characterized by 
principles which apply across conceptual domains, has been replaced by a series of 
domain-specific developmental schedules, constrained by corresponding domain-specific 
principles.  
 
The fact that the qualities of different conceptual domains exist as separate entities from other 
domains has been shown in conceptual developmental research (Astington et al. 1988; Hirschfeld 
1988; Wellmann 1990).  Boyer (1994, 1995) sums up this research as indicating that concepts like 
religion have a generalised intuitive structure, a series of predetermined mental assumptions, through 
which it is possible to constitute correlates regarding generalised conceptual principles.  It is by 
adhering to this level of intuitive knowledge certain concepts are ‘winnowed’ and thus recur often 
(Mithen 1998:104; cf. Spiro 1966:99–101).  They are structured prior to experience (Atran 1995:216).  
In other words, there are some basic ideas which are more likely to be evidence of religious concepts 
than competing concepts.  So what are these domain-specific religious concepts? 
 
2.3.3.1  Religious Intuitive Domains 
Boyer (1995) outlines the intuitive (domain-specific) background of religious concepts as relating: 
1. essentialist assumption; 
2. psychological assumption; 
3. counter-intuitive assumption. 
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The first assumption is that religion is essentialist because it relies on ostensive presentation in 
the form of classifications (ibid.:631).  All religious concepts categorise or generate a typology (e.g.,  
sacred – profane, liminality in Table 2).  Understanding what something is requires knowledge of 
where it ranks – a formulaic notion (e.g., sacred continuums, see section 3.3.1.1.1).  Religion is useful 
because it allows for a categorisation of things that may otherwise fall outside conceptual modelling 
(cf. Pinker 1997:556).  This allows an increased understanding of the world by linking the 
inconceivable with the logical (see counter-intuitive logic below).  This is achieved by categorising 
things in human psychological terms.  God is loving not angry, caring not indifferent, sacred not 
profane, etc.  Chapter 3 (esp. section 3.3.1) shows that generating essential opposition between places 
is a key recurrent feature of religious phenomena. 
The second assumption is that all religious phenomena are described in terms of psychological 
or mental processes.  Religious phenomena know, want and believe as humans do (Boyer 1995:631), 
following the same mental processes.  Following from this background, Boyer (ibid.:634) identifies the 
underspecificity of religious phenomena.  Because they are derived from tacit organisation and mental 
structures, religious categories are often indeterminate.  For example, if someone is said to have 
ascended into heaven, people do not question how the actual ascent was possible.  Religion here 
operates as a mentalist assumption.  These divisions are more evident flowing from counter-intuitive 
logic (below), where they are aligned with points of divergence.  The underspecificity of religious 
concepts is apparent in section 3.3.4 where abstract visual cues are seen to recur strongly with religious 
iconography (Table 2).  Abstract cues allow for mentalist assumptions (implied but unstated general 
associations) unlike more tangible cues which have a more practical (specific) level of association 
(stated and less implied). 
The third assumption relates to the fact that all religious concepts are in principle counter-
intuitive (ibid.:628–629).  They violate intuitive expectations.  Rising from the dead, passing through 
walls and existing but never being created are all counter-intuitive.20
Religious phenomena are more likely than not therefore to relate to unusual aspects of a cultural 
cosmos.  Something which demands attention (Table 2).  Yet as Mithen (1998:104) has recently noted, 
not just any distinctive association will do, associations which have the widest appeal (winnowed 
associations) are theoretically the ones which relate most strongly to the concept of religion.  They are, 
  Counter-intuitive assumptions are 
the hallmark of traditional definitions of religion (Otto 1959 [1917]; Rappaport 1979; Sperber 1982; 
Tylor 1871).  As Boyer (1995:628) states: 
Religious ontologies typically center on a number of counter-intuitive assumptions which 
describe religious entities or objects in ways that clearly mark them off from the domain 
of everyday experience. 
 
                                                          
20 Counter-intuitive assumptions are a systematic rationalisation of illogical fact.  Counter-intuitive assumptions are generated 
when otherwise ‘logical’ impossibilities are accepted as fact within an otherwise organised system.  Religion as a belief system is 
generally though of as a blend of intuitively possible and impossible (Tylor 1871).  The acceptance of the intuitively impossible 
makes a mental statement by actively violating the confines of general logic.  Simultaneously, the intuitively possible or 
structured part of religion confirms the logical aspect of religion.  For example the crucifixion and resurrection of Christ, where 
his death was logical and structured as he was a living person yet his rising from death was logical but an intuitive impossibility.  
The violation makes the process stand out from the ordinary and the structured section places logical limits on the illogical 
features making the impossible tangible.  Hence religion can take any completely rational understanding and go the next step by 
implementing the rationally impossible enabling a springboarding beyond the empirically mundane (see Boyer 1994, 1995; 
Geertz 1957; Rappaport 1979; Spiro 1966). 
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as it were the ones most likely structured prior to existence of the concept itself – the BIOS (cf. Atran 
1995:216).  As Boyer (1995:633) concludes: 
The main hypothesis here is that only religious representations which combine such 
violations and confirmations of intuitive expectations are likely to be acquired and 
transmitted in such a way that they become the widely distributed representations that 
we usually call ‘cultural’. 
 
Chapter 3 shows that unusual (section 3.3.1) and attention-demanding attributes (section 3.3.3) feature 
prominently within religious recurrent phenomena. 
In short, a domain-specific understanding of the mind means that religious concepts are in 
theory linked to a limited array of intuitive assumptions.  This idea gels with the physiological 
understanding of the brain where specific task centres in the brain relate to religious cognition 
(Newberg et al. 2001).  Although the reality is complex, the theoretical implication is clear, religious 
concepts are in part influenced by the structure of the mind – both its biological and psychological 
portions. 
2.4  Space: Abstract Materialism 
Space is the second hardware component in this study for identifying religious behaviour.  Space, 
which contains the physical surroundings, influences the way people think about the world.  Religious 
behaviour being performed in the physical world is likely influenced by the variations in space.  The 
general idea is rather simple, the geometrics of space itself, the physical reality, constrain cultural 
behaviour.  As Hillier and Hanson (1984) showed in their analysis of French settlements, cultural 
spatial behaviour, the way people organise their world, is in part derived from the realties of their 
physical environment (cf. Donald 1998:181–182; Lake 1998:84–85; Zubrow and Daly 1998:157–162), 
and in return people’s day-to-day behaviour is influenced by the organisations they use.  Thus, the 
origin of all conceptual spatial entities is in reality itself (Hillier and Hanson 1984:206; cf. Laughlin et 
al. 1979:12).  As the psychologist Keil (1995:234) summarises: 
General principles concerning the representation and acquisition of concepts and the 
larger causal belief system in which those concepts are embedded may depend critically 
on assumptions about what the causal patterns in the world are really like.   
 
While not in itself surprising, this conclusion provokes some interesting insights.  It seems that spatial 
behavioural patterns (location of camp sites, e.g., Ebert 1992; village organisation, e.g., Strathern 1998; 
ritual sites, e.g., Peatfield 1983, 1992) have commonalties.  People’s perceptions (and use) of space 
have a set of core rules (e.g., Zubrow and Daly 1998:161) which influence their behaviour (Hillier and 
Hanson 1984:44; cf. Laughlin et al. 1979:18–19).   
According to Hillier and Hanson (1984:201–206), the concept of abstract materialism is 
imbedded within these rules: socially abstract concepts are made objective by associating them with 
spatial features.  For example a god may be (linked to) prominent geography (Table 2, religious spatial 
behaviour).  In this regard, social ideologies can be thought of as exhibiting a physical form (Duncan 
and Duncan 1988:125).  The implications of abstract materialism are discussed later in this section. 
People tend to use the same place for the same (conceptual) activity through time, because the 
physical qualities of the place lends itself towards those activities (cf. Bradley 2000; Peatfield 
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1994:21).  It may be possible for archaeology to deduce past people’s perceptions towards a place 
through the organisation of their material culture (David and Wilson 1999:163) and an understanding 
of the gross environmental structure (section 2.3.2).  As Crumley (1999:271) recently stated: 
Manipulation of the physical circumstances of specific landscapes, whether intentional 
or unintentional, leaves evidence that illuminates how humans conceptualize their 
surroundings.  
One of the key features for later chapters is that any interpretation of past behaviours derived from 
material culture must take into account the spatial environment.  Two points are pertinent: 
1. Cognitive Reality – The world humans live in is a cognised reality which is a combination of 
cognitive and physical reality.21
 
 
2. Abstract Materialism – People objectify their abstract perceptions (such as religious 
concepts) in the physical world which means that their behaviour in the physical world is 
tempered by these objectifications. 
 
2.4.1  Cognised Reality 
The general principle reviewed in this section is that space influences human perceptions.  According 
to Hillier and Hanson (1984:198), human spatial organisation which may at first appear subjective does 
in fact display a social logic: 
In spite of its variety, human spatial organization has, however imperfect, a certain 
internal logic.  This internal logic accounts, we believe, for the knowability of space.  
Because it has the property of knowability, space can operate as a morphic language, 
that is, as one of the means by which society is constituted and understood by its 
members.  By embodying intelligibility in spatial forms, the individual in a society create 
an experimental reality through which they can retrieve a description of certain 
dimensions of their society and the ways in which they are members of it.  These 
descriptions are essentially abstract in nature, although they are drawn from concrete 
reality. 
This statement by Hillier and Hanson allows for the recognition that the spatial expression of concepts 
are the result of combining spatial reality and the logic of the brain/mind (cf. Strathern 1998:143–145).  
In other words, there is a pure (objective) reality, which is (subjectively) interpreted by the brain/mind 
into a new reality (objective + subjective = human spatial construction).  To a certain degree, space 
itself is constraining the interpretations of the mind (e.g., Spelke 1990).  In some ways then it may be 
possible to interpret spatial behaviour through a comparative analysis of the environmental features.22
                                                          
21 Rappaport (1967:237–238) distinguishes between cognised models (landscapes, before the term became vogue) and 
operational models (the physical world): 
The operational model of the environment is that which the anthropologist constructs through observation and 
measurement of empirical entities, events, and material relationships.  He takes this model to represent, for 
analytical purposes, the physical world of the group he is studying….  The cognized model is the model of the 
environment conceived by the people who act in it.  The two models are overlapping, but not identical.  While 
many components of the physical world will be represented in both, the operational model is likely to include 
material elements, such as disease germs and nitrogen-fixing bacteria, that affect the actors but which they are 
not aware.  Conversely, the cognized model may include elements that cannot be shown by empirical means to 
exist, such as spirits and other supernatural beings. 
Cognised models include the effects of purely sociocultural elements, even if some elements are empirically non existent, while 
operational models do not require the sociocultural elements.  Material features are for the most part spatially plotted throughout 
a region and can be best understood as a distribution of relationships based on process driven behaviour. 
22 Work by Ulrich (1983) on the hierarchies of affective responses shows a strong link between individuals, behaviour and the 
environment.  Visual perceptions of the environment which generate effective responses constitute the mind’s adaptive or 
reflexive response to spatial stimuli by way of their effect on behaviour.  Ulrich is indicating that an individual’s affective 
response is both activating and strengthening (through repetition) specific types of behaviour that stem from a visual 
environmental impulse.  Within a certain perspective, behaviour is not being adapted through the mind to the environment; 
rather, the environment is working through the mind to adapt the behaviour.  This idea is explored in more detail in section 3.3.1. 
  
Chapter 6 models various environmental features to see if their patterns match up with any trends in the 
archaeological features. 
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2.4.2  Abstract Materialism   
A second interesting aspect of Hillier and Hanson’s above statement is the notion that when societies 
create experimental realities one of the reasons for doing so is to access the more abstract dimensions 
of their society.  The objectification of abstract concepts into the physical world is what Hillier and 
Hanson call abstract materialism (1984:201). 
An example of this idea is Munn’s (1984 [1973]) well known work on the objectification of 
the Dreaming in Australian Aboriginal anthropology where the cognised world (the Dreaming) and the 
physical world (the environment) merge to represent supernatural events; for instance a distinctive 
geological formation being an 'Ancestral Being'.  This new objectified reality (the now physical aspect 
of the Dreaming) is as culturally real as any environmental element (Duncan and Duncan 1988:125; 
Laughlin et al. 1979:18). 
The basic idea of abstract materialism is that for a mélange of abstract concepts to be 
communicated they need a physical form (Table 2, religious spatial behaviour).  The physical world 
provides the material, and because both the physical world and religious concepts have certain 
controlling parameters (section 2.3) those physical properties most akin to the (abstract) cognitive 
concept will be repeatedly used (cf. Mithen 1998:102–104).  For example, the parts of the environment 
most readily related to religious concepts, such as counter-intuitive assumption (section 2.3.3), are the 
ones most easily associated with religion.  Thus when Taçon (1999:37) documents a link between awe-
inspiring features of the physical world and religious behaviour (see section 1.3.2) it is likely that these 
distinctive (physical) features are able to bind with religious concepts because of their distinctive 
spatial attributes.  According to Hillier and Hanson (1984:206) this is due in part to the basic 
configuration of space: distinctive places illuminating themselves from the gross shape of the 
environment –  space influencing behaviour (section 2.3.2).  This point is important for practical 
archaeology because it allows the potential recognition of conceptual space when only the real spatial 
components are evident.  In this manner the material pattern of behaviour will be reflecting the abstract 
or conceptual perception of the material (Renfrew 1982:11) – how it is possible to reconstruct past 
perceptions from bits of stone. 
 
2.4.2.1  Empirical Conceptual Perceptions 
Religious concepts may exist as non-material abstract qualities, but in certain cases they are given 
material form and diffuse into reality (e.g. Munn’s objectification; cf. Ingold 1996:137).  Unfortunately 
while material forms (the environmental attributes, vistas, caves, tors) are often unique or selective they 
are not predictive of a behavioural relationship (cf. Maschner and Stein 1995:72).  What is diagnostic is 
when a select behavioural trend is associated with select material forms, as according to Rappaport 
(1979:176) this behavioural trend flows from the objectified perception of the forms.  Again, things in 
space influence behaviour. 
This means archaeologically that places which are associated with some sort of abstract 
materialism exhibit a different spatial arrangement of archaeological features than places which are 
not associated with an objectified physical form (cf. David and Wilson 1999:163).  I find it intriguing 
that it may be possible to infer past people’s objectified perception of space by analysing the 
relationship between environment and material culture.  For example, as Knapp and Ashmore 
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(1999:15) note, archaeologically this type of perception/action results in ‘special attention’ being 
applied to a range of material as well as non-material cultural features.  The result being a probable set 
of formalised elements which relate group behaviour (section 2.5) with the conceptual understanding of 
space (Clarke 1968:119–123).  Thus as Wright (1994:77) has commented it is possible to identify 
religious behaviour in the material record via ‘spatial-structural analysis’.  Chapter 7 outlines a 
distance-variable model (distance matrix) which relates artefactual and environmental variables to the 
model of religious behaviour.  Such an approach means that space itself (even the voids) although not 
traditionally an archaeological category becomes a critical component in the understanding of material 
cultural behaviour. 
Concepts such as religion are not directly available to the archaeologist, but the behaviour and 
material actualised by these concepts are indirect indicators of them.  It is possible to begin to deduce 
past perceptions by identifying the relationship between the environment and material culture.  It is 
vital that spatial attributes are included in such analyses of past behaviours because space influences 
the way humans form a cognitive reality. 
2.5  Material Culture: Cues to the Past 
Behaviour is influenced by the environment, part of that environment is people’s material culture, their 
own creation.  As Renfrew (1998:2) stated: 
without artefacts, material goods, many forms of thought simply could not have 
developed.  This is clearly true in the field of religious belief, where the distinctions made 
between deities, for instance, are in part dependent upon the possibility of representing 
them. 
Material culture is the third hardware component for identifying religious behaviour in this study.  To 
understand the relationship between material culture and religious concepts archaeologists should 
understand the difference between symbols and cues.  The primary difference is that symbols may 
indicate an action, cues instigate an action.  Chapter 3 looks at the types of material objects likely to 
cue a religious association.  For example, why certain iconographic characteristics (Wobst 1977) are 
repeatedly associated with ritual events.  This section takes a more general approach and explains why 
people engage in statically patterned representation in relation to objects (Table 2, depositional 
behaviour, structured deposition; cf. Parmentier 1987:125), and why some object characteristics are 
more likely than others to be associated with specific behaviours (Table 2, selective iconography). 
 
2.5.1  Symbols vs. Cues 
Objects as symbols are often misrepresented in archaeology (cf. Morphy 1995:206; Wobst 1977:300–
325).  Objects as symbols are often given generative power, meaning they cause a change to occur, 
when in actual effect most objects indicate a change but do not cause it.  While the difference may 
seem pedantic, it allows the model in chapter 3 to circumvent the morass of detail associated with 
objects and look for generalised relationships between objects and behaviour.  For example, the ritual 
similarities between Geometric Classical Grecians and Bondaian Sydney Basin Aboriginals are quite 
different in their detail but the general way they spatially structure their ceremonial activity is very 
much the same (e.g. section 3.3.1.3).  In this regard, material culture is best thought of as a set of cues 
which direct people towards the activation of specific assumptions (Boyer 1994:262). 
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The idea of cues revolves around the fact that any form of understanding is based on the 
specific recall of certain information stored ultimately in the form of cognitive assumptions (Knight 
2000:190–194; Parmentier 1987:120–126; Sperber 1975).  Information is not encoded within objects, 
rather objects stimulate the recall of information stored in the mind.  As Donald (1998:184) states: 
external symbols can only be used to enhance and extend basic capacities that are 
already in place [in the mind]. 
 
 Cues are useful for archaeological reconstructions of religious behaviour because they offer a 
teleologic explanation in place of individually based symbolic meanings.  If religious objects are 
symbols, then their ultimate design and purpose is individually based, which implies that if it is 
impossible to know what an object symbolises (its meaning) it is impossible to know the role of the 
object within culture (Firth 1970:37; Morphy 1995:206; Turner 1965:82–83, 1969:3).  And if is 
impossible to know the meaning of a symbol the question arising is, ‘How is it possible to assess an 
object’s religious associations?’  The answer is that it is possible to understand an object’s context 
without understanding its meaning. 
If archaeologists think of objects as cues which direct people’s attention then it is possible to 
identify recurring trends.  Cues stress the relationships between objects rather than concentrating on the 
objects themselves (e.g. section 7.1 distance matrix; cf. Lake 1998:86).  For some purposes it matters 
less (for a regional level reconstruction) if one flaked object is quartz and another is chert, what is most 
important is how those flaked objects relate to other aspects of the cultural environment (their context).  
As Hampton’s (1997) work has recently shown, objects can functionally be something very specific, 
such as a hand axe, but in a unique setting those objects lose their overt functionality and indicate a 
new (perhaps even non functional) behaviour.  Section 3.3.4 explores some of the detail associated with 
specifically religious iconographic cues. 
 
2.5.1.1  Group vs. Individual Responses to Cues 
As it is most likely impossible to ever know the exact meanings behind ancient symbolic structures, 
archaeologically it proves more useful to identify meaningful structures – hence the type of behaviours 
associated with selective symbols.  There are many meanings but one collective or group intention, is 
an underlying fact similar to all.23
Religious objects can activate pluralistic interpretations while not necessarily symbolising or 
being any one particular thing (e.g., Turner 1965:82–83).  For example, different people can worship in 
the same church for many different reasons and each may have a different personal understanding of 
the church’s purpose, meaning, or content.  Thus religious objects are not symbols in the sense of a 
language of meaning, but their weakness of semantic value results in an overall gain in ambiguity 
which increases their capacity to transmit emotional messages (Bloch 1974:75; Boyer 1995:628).  As 
  As Knight (2000:194) states: 
It may appear paradoxical that each such fact [e.g., interpretation of a material object] is 
dependent upon collective belief, counting therefore as a social fiction.  But that is the 
world we humans live in.  Treating collective constructs as if they were external, solid 
facts is precisely the peculiarly human… stance. 
 
                                                          
23 To think of this in another way it could be said that any given object or place does not have a singular meaning but a 
distributed meaning spread among a collective body of individuals.  Meaning in this way is only reliant on a collective 
understanding and not a particular individual’s recognition, that is a distributive model of culture (Schwarts 1978:423). 
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this thesis will show, the power of religious objects is not what they are but what they do.  Section 
3.3.4 outlines Wobst’s (1977) classic analysis of ‘stylistic behaviour’ where specific attributes of 
material objects are shown to relate to religious behaviour.  Through time the same characteristics of 
material objects are being utilised to transmit ritual information, not because such iconographic features 
are sacred in themselves, but because a replicable (universal) group interpretation has replaced 
individual interpretations (cf. Donald 1998; Halle 1998; Lake 1998; Taçon 1994).  Certain general 
iconographic features seem to most efficiently relay the restricted and conservative messages of 
religion with a social group.  The archaeological importance is that a group’s material cues can 
represent a real social, spatial structure because they result from collective intentions.  In this way 
archaeologists can avoid the proverbial ‘Pandora’s Box’ of symbolised meaning and concentrate on an 
objects’ potential association with selective behaviours.  We can look for recurrent features of material 
objects based on their potential to transmit information (section 3.3.4.1).  This offers a theoretical basis 
for extrapolating the attributes of a ‘ritual style’.  In archaeology the religious power of any object lies 
not in generating particular assumptions, rather, their display makes it more likely that certain 
possibilities will be entertained.  The objects do not generate meaning within this limited view, rather 
they direct individuals to engage in statistically patterned activities. 
2.6  Conclusion 
This short synthesis has travelled a long way in addressing the causality associated with religious 
behaviour.  However, the information outlined in this chapter only scratches the surface of this 
complex problem.  The extent of religious causality will only become more coherent through more 
research.  What is apparent however is the dynamic relationship of the three main features: brain/mind, 
space and material culture in relation to religious behaviour (see table below). 
The mind is a system of physiological and psychological features which operate to enable, 
condition and constrain human perception.  Everything from cells to conceptual domains is involved in 
structuring human behaviour.  Specifically it seems that religious concepts are linked to an increase in 
attention-focusing and alteration in people’s sense of space.  The most basic understanding of the world 
is connected to people’s interpretation of the gross geometric environment.  It is this most basic 
understanding that is likely to alter in some way in relation to religious concepts. 
Likewise, the geometrics of space influences behaviour by constraining the objectification of 
concepts.  In terms of material behaviour this means that the way people use places is in some way 
related to the space itself and the perceptions dynamically generated.  It is likely that archaeologists 
will understand spatial behaviour by isolating probable influential spatial features and the trends in 
material culture associated with such features.  This will give archaeologists some idea of the nature of 
the influence spatial features exert on behaviour. 
Material culture can be seen to represent an indicator of past perceptions, since conceptual 
associations are domain-specific, only the most domain-friendly ideas are (spatio-temporally) 
replicable.  If humans are to efficiently associate a material object with a concept it must slot into the 
basic predefined parameters of the concept, such as formal and abstract iconography.  Successful 
associations are replicated through time via group activity.  People do not have to know an object’s 
meaning to extrapolate trends in its use which relate to behaviour. 
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None of the above principles are axiomatic but taken together they sketch a causal picture of 
behaviour, in particular religious spatial behaviour, that is less relativistic than probabilistic. 
Religious behaviour and concepts are not completely relative.  They stem from a core 
structural foundation onto which a variety of detail may be attached.  Variations in religious activity 
must adhere to the core system.  In this way it is possible to theoretically account for the universality of 
religion and its phenomena of recurrent features (Table 2).  This understanding will prove vital to the 
construction of a model, methodology and analysis.  Understanding causality allows archaeologists to 
formulate appropriate questions. 
Table 3:  Cognitive religious theory summary table. 
CRT 
Cognitive Religious Theory 
CRT – Religion as a behaviour and concept is constrained by the neurophysiology of the brain, the way the mind sorts and 
associates concepts, the organisation of the spatial environment, and the ability of material culture to transmit information.  
Because of these constraints religious behaviour is likely to reflect a trend of activity which is related to the way the 
constraints operate.  Recurrent religious activity will result in a probabilistic pattern of behaviour.      
Hardware 
Brain/Mind Space Material Culture 
Neurophysiology – in response to 
religious stimulus the brain increases its 
level of attention-focusing and 
experiences alteration in its spatial 
perceptions. 
 
Psychobiology – in response to religious 
concepts the mind organises information 
into dichotomic typologies (sacred-
mundane) which are constructed in 
human psychological terms which tend 
to seek the most extreme (counter-
intuitive) dichotomies. 
Cognised Reality – the physical 
environment influences the way people 
perceive religious associations.  This 
includes an assessment of the voids 
between physical structures.  People 
respond to variations in space, and those 
responses in turn influences the way 
people perceive associations with space.   
Cues – because of the dynamic 
relationship between the physical world 
and the perceptual world, religiously 
associated material culture does not 
generate rather it indicates a behaviour. 
 
The expression of religious concepts 
becomes possible through an association 
with material culture which can be used 
to refer back to the concept. 
Constraints 
Neurophysiology – 1)  the brain will 
seek the most basic spatial interpretation 
of the gross environment when 
formulating an initial conceptual 
association with place.  Places with 
distinctive geography therefore are 
likely to be interpreted by the way the 
distinctive features impact the gross 
shape of the environment. 
 2)  places which exhibit a gross level of 
attention-focusing are likely to be 
interpreted in relation to religious 
concepts. 
 
Psychobiology – the physical expression 
of religious concepts will generate and 
conform to oppositions in the physical 
world (e.g. high-low, open-closed).  The 
typically sacred end of the opposition is 
likely the more extreme or remote as 
this relates most easily to religion’s 
counter-intuitive nature.  
  
Space – influences people’s perception 
and to reconstruct past perceptions, past 
behaviours, archaeologists need to be 
able to understand the apparent 
associations between spatial features 
(both physical attributes and voids) and 
the evidence of human activity.  
  
It is likely that variations in spatial 
features will relate to variations in 
perception and use.   
 
The dictates of abstract materialism 
indicate that concepts related to spatial 
features are imbedded in people’s 
behaviour towards those spatial features. 
Group activation – for material culture 
to function efficiently in relation to the 
transmission of information it must 
reflect a generalised or group level 
activation.  At a regional level therefore 
a general similarity between objects will 
yield information related to perceptions 
and behaviour related to the objects. 
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CHAPTER 3 - Model 
... different kinds of phenomena are never remote; they are either accessible or they are 
not.  ‘Non-material’ aspects of culture are accessible in direct measure with the 
testability of proposition being advanced about them.  (Binford 1968:22) 
 
Superstitious ritual can be studied objectively like any other human behaviour, and 
archaeology can make a major contribution towards its investigation, in the historic 
periods down to the present day no less than in prehistory.  (Merrifield 1987:184) 
 
This chapter describes a model for the implementation of procedures derived from CRT which can be 
used in the reconstruction of religious behaviour.  This model is the heart of the thesis.  The first 
sections are a brief synopsis (section 3.1–3.2) of the four core features associated with recurrent 
religious ritual systems.   The third section (3.3) outlines the material indicators of religious ritual 
behaviour which relate to these four core features.  The chapter concludes (3.4) with a workable model 
for identifying religious spatial behaviour.  The model emphasises the testability of its components 
through the recognition of a formal, repetitive and consistent pattern of material spatial behaviour.  The 
central question for this chapter is, if religious representation is a special part of a culture – dyadic in 
structure (chapter 1) and dynamic in process (chapter 2) – then what features characterise religion?  
Specifically, what are the material correlates of religious behaviour? 
3.1  Religious Recurrence 
The conclusions drawn at the end of chapter 2 show that the recurrence of religious behaviour is in part 
constrained by non-social elements.  There is a growing acceptance in archaeology that the material 
record contains evidence of recurrent religious features (e.g., Alexander 1979:215; Bradley 2000:28; de 
Polignac 1995:11–31; Derks 1998:15; Mithen 1998:98; Peatfield 1994:20; Renfrew 1985:19–20, 
1994a:51–54; Renfrew and Bahn 1991:358–362; Trigger 1999:139).  Specific trends in the use of 
material culture and the environment related to religion occur and then recur regardless of the spatio-
temporal dynamics.  Recurrence involves something happening, then happening again and again across 
time and space.  The premise is that patterns of behaviour relating to material remains are recognisable 
from the close analysis of recurrent phenomena.  Ritual recurrence is not the product of the analysis, 
but actual actions and movements.  It is possible to generate criteria derived from recurrent phenomena 
which may provide evidence of religious behaviour. The goal is to test archaeological situations that 
appear remarkably similar in terms of supposed sacred structural associations.  Two questions are 
pertinent: ‘What exactly is the phenomenon of religious recurrence?’ and ‘What features are 
recurrent?’ 
3.2  Recurrent Religious Phenomena 
Anthropological studies show recurrent features of religion occur across cultures.  The features are not 
random and are widespread (e.g., Boyer 1993, 1994, 1995; Goody 1961; Hubert and Mauss 1964 
[1899]; Lawson and McCauley 1990; Rappaport 1999; Sperber 1975; Spiro 1966; Wallace 1966; 
Winter 1966).  The classic summary is that of Wallace (1966:52) who documents the recurrence of 
religious phenomena as fundamentally related to a structured pattern of behaviour: 
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How does one recognise religion?  Why does one say that certain behaviour is religious? 
The answer lies in the fundamental pattern, or structure, which the layman and the 
ethnographer alike recognise when they look at a society and which, whenever it is 
found, is called ‘religious,’ despite the manifold diversity of its forms. 
 
It is the premise of every religion – and this premise is religion’s defining characteristic – 
that souls, supernatural beings, and supernatural forces exist.  Furthermore, there are 
certain minimal categories of behaviour which, in the context of the supernatural 
premise, are always found in association with one another and which are the substance 
of religion itself.  Although almost any behaviour can be invested with a religious 
meaning, there seems to be a finite number… [of] behaviour categories most of which 
are, in any religious system, combined into a pattern that is conventionally assigned the 
title ‘religion.’ 
 
Within this fundamental pattern Wallace (ibid.) notes that there is a great degree of ‘cultural diversity’ 
(e.g., thousands of different types of dances etc.) but the overall (fundamental) pattern of behaviour 
(the process) must remain for some action to be termed religious (cf. section 2.3.3).  It is the pattern 
itself which constitutes religious behaviour.  This core religious pattern according to Boyer (1994:7–9) 
is not akin to a universal belief structure but a series of ideas which, while not universal, are similar in 
most cultures and therefore deserve attention.  There is no recurrence of specific religious ideas; rather, 
as Boyer (1994:9) states: 
What we are dealing with is a repertoire of salient ideas, which tend to be found in many 
different cultures yet are not necessarily present in any given cultural environment.  
 
As Lawson and McCauley (1990:121) conclude there is a core set of ‘universal principles of religious 
structure’ which constitutes a generalised set of recurrent religious phenomena structured as a set of 
unified judgements.  
 The trouble with most social anthropological models of recurrent religious phenomena is that 
they are difficult to directly apply to the archaeological record.24
                                                          
24 For example, Alexander’s (1979), Knight’s (1985) and Wait’s (1985) have all attempted to use Wallace’s (1966) model for 
archaeological purposes with mixed results.  Most found the esoteric complexity difficult to merge with the empirical 
requirements of archaeology.  Likewise both Boyer’s (1994) and Lawson and McCauley’s (1990) research are complex and 
demanding analyses which requires readers to have prerequisite knowledge of cognitive theory and religious theory.   Mithen 
(1996, 1998) has attempted an archaeological application of Boyer’s research but has yet to apply it to empirical data. 
  The sociocultural detail of the 
material makes is difficult if not impossible to apply systematically; the archaeological (or other) 
reconstruction of each resulting anthropological model (rather than comparison between them) 
becomes a task in itself.  The table below offers a brief synopsis of the fundamental pattern associated 
with recurrent religious behaviour.   In the interests of conforming to a useful convention this thesis 
uses a version of Renfrew’s (1994a:51–52, cf. Renfrew 1985:19–24) correlate categories for 
identifying religious behaviour.  The synopsis of recurrent religious phenomena establishes a starting 
point for the remainder of the chapter. 
Since all of the following principles apply to the general notion that the dynamics of religious 
ritual systems revolves around supernatural action they are in effect corollaries of all religious systems 
(Lawson and McCauley 1990:6). What is equally important is that they provide a testable base for 
archaeological methodology.  While the principles in the table are somewhat esoteric at this stage, the 
meta principles are expounded in the remaining sections for an application in the real world of material 
culture. 
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Table 4:  Core features of recurrent religious phenomena. 
Recurrent Religious Phenomena 
 
• Liminality and Graduated Spatial Behaviour – Lawson and McCauley (1990:122) and Boyer 
(1994:42–43; 1995:631) conclude that religious rituals must be distinguishable from other actions 
to make sense.  Religious systems attach religious principles to objects or places which are 
distinguished from the mundane, giving such things a special counter-intuitive status (Lawson and 
McCauley 1990:124, see Boyer’s 1994:35–36, 1995:628; Derks 1998:15). 
 
• Objects: Structured Deposition and Selective Array – The special status religion attaches to 
objects and places is the second recurrent feature of religious ritual action; material things and 
places are always features of religious rituals (Lawson and McCauley 1990:125; Renfrew 1998:2).  
As formal principles are always associated with ritual action (Boyer 1994:34–35; 1995:628; 
Lawson and McCauley 1990:171; Rappaport 1968:3–4, 1999), objects and places which assume a 
religious function will always have a formal structure (Boyer 1994:53; Wallace 1966:52).   
 
• Focusing of Attention – All religious rituals are attention-demanding (Boyer 1994:59).  All 
religious rituals include the supernatural (Boyer 1994:5; Rappaport 1979:28).  So, according to 
Lawson and McCauley (1990:124) ‘relationships [are established] of the proximal participants to a 
culturally postulated superhuman agent’.  The more direct and intuitive this connection, the more 
demanding the ritual’s centrality (ibid.:176).  To attain this connection there must be a focusing of 
attention which draws a participant’s attention to a critical point which establishes the connection 
(Boyer 1994:35, 57).  
 
• Select Iconography – Religious ritual is an instrument for the transmission of cultural information 
(Boyer 1994:21, 57; Lawson and McCauley 1990:54; Wallace 1966:233).  As it expresses ‘formal, 
communal, and normative dimensions’ (Lawson and McCauley 1990:171) and is shared 
knowledge (ibid.:5), it is inherently conservative.  Effective transmission in material terms requires 
a combination which is abstract enough to violate intuitive ontologies (Boyer 1994:34–35, 
1995:628–629) but also conforms to tacit stylistic assumptions (Boyer 1994:227; e.g., Wobst 
1977:326).   
 
 
 
 
3.3  Archaeological Indicators of Religion  
…once a proposition has been advanced – no matter by what means it was reached – the 
next task is to deduce a series of testable hypotheses which, if verified against 
independent empirical data, would tend to verify the proposition.  (Binford 1968:17) 
 
In order to discuss prehistory at all, archaeologists must make assumptions about the past.  Whenever 
people make assumptions one of the most influential factors is their own, often unconscious idea about 
what the past should look like.  When science makes an assumption it tries to be objective by putting 
such assumptions into a coherent package or model, often assuming some level of generality concerned 
with the overall picture, not specific meanings.  The generalities on which a model is based need to be 
derived from some sort of coherent and appropriate methodology.  In order to create a model for 
archaeologically researching religious space it is necessary to first have a set of postulates which 
identify the material indicators of religion. 
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Religious behaviour is a pattern of activities and is not diagnosed by the presence or absence 
of any single specific category of activity.  One object or one site is not as critical as the articulation of 
that particular piece within the overall pattern.  The best archaeological results will be where there is a 
pattern of interconnected relationships on a number of fronts, different examples representing the same 
underlying cause. 
The four core features (criteria) for identifying religious behaviour as it relates to spatial 
behaviour and material culture are (following: Renfrew 1985:19–20; 1994a:51–52; Renfrew and Bahn 
1991:359–360):  
1. Liminality and Graduated Spatial Behaviour 
2. Objects: Structured Deposition and Selective Array 
3. Attention-Focusing 
4. Selective Iconography 
 
This thesis has selected a series of vastly different examples from four archaeological genres: Classical; 
European; New World; Australia (Oceania) to illustrate the high probability associated with the 
correlates. 25
 
 
Archaeological research on religious phenomena tends to be fragmentary.  Each genre of 
archaeology tends to concentrate on one aspect of the religious process.  They tend to focus only on 
certain details or assumptions.  Rarely are connections acknowledged (e.g., Levy 1981,1982).  As a 
result of this fragmentation there is no general convention for identifying, let alone reconstructing, 
religious behaviour in the archaeological record; although some solid inroads have and are being made 
(section 1.2).  The model presented in this chapter will expose this fragmentation and, in doing so, will 
progress towards the establishment of a convention for the archaeological recognition of religious 
behaviour.  Such a convention will ultimately make comparative analysis more fruitful and enhance our 
knowledge about the past.  
                                                          
25 It is important to stress that the four part model and accompanying examples are not subject to a cut-and-paste approach; 
instead, the focus is to show how general principles are evident in the texture of specific examples through the identification of 
consistent patterns.  Any single example could be used in any of the following four sections.  Due to the focus of particular 
genres of research some patterns are representative of one section more than another.  But it should not be thought that any 
particular example is only relevant to one criterion. 
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Part I  Religious Spatial Behaviour 
 
3.3.1  Liminality and Graduated Spatial Behaviour 
 
Special behaviour and attitudes accompany actions involving sacred sites… [these] stress 
reverence, respect, awe and sometimes fear.  (Creamer 1984:6.8) 
 
The sacred is a separate element of culture.  In the classic Eliadian model (1959:20–22) of sacred and 
profane space, for something to be special it must exist in contrast to an opposite, or in the very least 
another entity of lesser value (cf. Kelleher 1995).  So sacredness must have an opposite, from which it 
can be defined.  These conceptual dichotomies are useful for archaeologists because they result in 
physical changes in the way people organise their material behaviour (cf. Renfrew and Bahn 
1991:359).  All religious rituals involve liminal spatial behaviour, where participants cross a threshold 
which separates the sacred from the mundane (Leach 1977:82–84; Parkin 1992:16).  Organised spatial 
qualities are intrinsic to effective ritual and religion could not exist without them (Parkin 1992:16–18 
cf. Lawson and McCauley 1990:120–122; Wallace 1966:52; Rappaport 1999:26).  In identifying 
religious behaviour, archaeologists seek the material residues, discard or deposit, associated with 
movement along this graduated spatial distribution (Bradley 2000:147; Buikstra and Charles 1999:203; 
Wait 1985:266; Witter 1989:2–5, 2000:57–63).  
 
Section Organisation  This first part examines the spatial indicators of religious behaviour.  
The first section (3.3.1.1) explores the idea of a sacred continuum and the concept of liminality.26
3.3.1.1  Sacred Continuum 
  
The second section (3.3.1.2) looks at the way geography influences the placement of the sacred.  The 
third section (3.3.1.3) examines the way geometric proximity, the way people spatially relate to their 
surroundings, generates a graduated spatial association when associated with religious activity. 
 
In archaeology when we try to identify the sacred we look for evidence of a separation from the norm.  
This thesis uses a polar structure between sacred and profane to illustrate the degrees of difference 
within religious phenomena (cf. Boyer 1995:631).  This is not to say that absolute polar opposites have 
to exist in the reality of cultural space (cf. Derks 1998:14; van Dommelen 1999:280–281).  The sacred 
is a continuum where less sacred (mundane) things exist on one side and the more sacred on the other 
side with the precise level of sacredness being determined in relation to a liminal zone (see figure 
below).  Unlike Durkheim’s (1965a [1912]) notion of the sacred and profane, nothing is either 
completely sacred or completely profane.  Perfect ‘hierophanies’ (after Eliade 1954) are unlikely or 
impossible.  In many cultures it is the amount of sacredness that varies and not the level of profanity.  
An example of this idea is found in the work of the eminent social anthropologist David Parkin’s 
(1991:37–57) detailed account of the Kaya ritual, where secret sacred space is distinctly separate from 
everyday existence, being located well outside domestic communities.  Parkin’s (1991) work stems 
                                                          
26 Liminality is usually concerned with threshold effects, that when on a threshold, one is still in the real, mundane world, having 
the opportunity to step into the other (Leach 1977:84–86).  In this thesis liminality is used to indicate a special type of threshold 
change, a change which marks segregation of activity from the norm.  Liminality indicates a difference and separation from the 
cultural norm.  Liminality is discussed in detail in the introduction and the beginning of chapter 6. 
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from extensive fieldwork in Kenya.  The spatial separation and directionality of Giriama rituals makes 
them distinct within the Giriama cultural matrix (Parkin 1992:21–22).  The location of the ritual places 
was characterised by distinctive spatial voids which separated ritual grounds from the more mundane 
areas (e.g. towns).  Not all ritual behaviours of the Giriama people are remote in space, but the most 
powerful examples of ritual are spatially isolated (ibid.).  
Figure 4:  Basic structural model of the sacred continuum. 
Range of Material Culture
Sacred Continuum
Liminal
ZoneMundane Sacred
Mundane Sacred  
Dichotomies create a clear analytical distinction between behavioural features, making context 
rather than objects most likely to be diagnostic.  The clinal nature of the continuum precludes the 
teleological trap of ascribing all features as absolutely either sacred or profane (cf. ethnography: Parkin 
1991:218; archaeology: Knight 1986:675–687).  It also overcomes the Western ideological notion of 
neatly placed sacred categories (cf. Barnes 1999; Hirsch 1995; Lemaire 1997), clarifying the 
misleading notion of a ubiquitous sacred existence.  Some places are more sacred and others are less 
sacred.  Thus it is possible to ascribe empirical distinctions to a natural sacred continuum.  Derks 
(1998:200–203) demonstrates this archaeologically, where in an extensive analysis of the 
transformation of religious ideas in Roman Gaul, he describes the graduated divisions (thresholds) in 
the use of architecture and the deposition of artefacts acting to heighten the sacred focus along a 
defined path.  The sacred may be theoretically omnipresent but by definition it exhibits value based 
differences.  His empirical analysis of votive offerings and the distribution of sanctuaries show patterns 
of increasing formalisation for sacred places nearer to the most sacred points in the landscape (such as 
the inner sanctum of a temple).  As seen later (e.g., sections 3.3.1.3; 3.3.2–3.3.4), some things and 
places within an identifiable patterned relationship are more likely than not to have religious 
associations (e.g., Cole 1994:212–214; Peatfield 1994:20–21; Wait 1985:187–190). As de Polignac 
(1995:24) stated: 
Religious activities within the inhabited areas [relatively heavily occupied sites] for a 
long time revolved around practices and places that are hard to distinguish from those 
used in everyday life, whereas the rural sanctuaries – particularly in a few outstanding 
instances – became distinctive and conspicuous much earlier, by reason of their deposits 
of material offering and the first attempts made there to organize the space specifically 
for religious purposes.  It is precisely these differences and the selection of sites that 
accompanied them that we [archaeologists] should investigate. 
 
Liminal spaces on the ground (often voids), act as boundaries, and will force action into a specific 
pattern (e.g., graduations) providing separation between the more mundane and the more sacred.  
Sacred space concentrates behaviours and artefacts into a place so that a ritual pattern of elements 
becomes archaeologically visible – if we know how and what to look for (Megaw and Simpson 
1981:465). 
The closer together features occur along the sacred/profane continuum the more difficult they 
are to interpret (cf. Barnatt 1998:95; e.g., Berndt 1951:240).  Archaeologists look for patterns of 
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features evidently opposed to each other, that is they must look for some sort of distinct or tapering 
division between sets of features (e.g., Derks 1998:200–213; Knight 1986:675–687; Witter 1989:4–6).  
Where the sacred is viewed as part of everyday material life boundaries may not be marked (Doolan 
1979:166–168; Witter 1989:2; Wobst 1977:300).  But the sacred (especially the more polar aspects) 
will gradually segregate itself physically from the mundane world.  This follows the idea of principled 
geometrics (section 3.3.1.3 below), that one of the easiest ways to create conceptual or real separation 
in space is to separate features along a thematic axis (Zubrow and Daly 1998:162).  Where one is in 
space determines how one behaves.  
Sacred spatial behaviour separates from the norm and the mundane.  This separation should be 
archaeologically visible through variations in material/behavioural patterns.  The sacredness of the 
sacred demands that it be made distinct.  The next section examines examples of the types of sacred 
spatial separations seen in the archaeological record. 
 
3.3.1.1.1  The Liminality of Politico-Religious Organisation 
Since the sacred separates from the norm then all types of religious spatial organisation should reflect 
the separation.  The specifics governing any scenario will change but the process is the same.  This is 
why societies as different as Ancient Greece and Aboriginal Australia can display strikingly similar 
behavioural actions in relation to religious concepts (e.g., Jost 1994:217; Taçon 1999:36–38).  It is 
possible to illustrate this point by referring to the sacred spatial structuring of a range of socio-political 
cultures (below) concentrating on the contrasts evident between egalitarian and hierarchical politico-
religious schemas (cf. de Polignac 1995:32–88).  The examples focus on how ritual space always 
expresses a degree of separation from other sociocultural spatial elements. 
Politico-religious spatial research in archaeology (e.g., Alcock and Osborne 1994; de Polignac 
1984; Cherry 1978) has found that sacred space tends to precede political legitimisation.  Wright 
(1994:74) correctly points out that, religious perceptions of space are more independent (dyadic) of 
formal political forces than is generally acknowledged.  The bounds associated with sacred space are 
dynamic (Antonaccio 1994:102) and change character through time and space but retain their primary 
structure – the separation representative of a sacred continuum.  
 
Similarities of Religious Structuring Across Different Political Organisation 
1) Hierarchical Societies – For hierarchical societies, which require centralised power, religious 
spatial structuring is generally dominated by a central area with complementary sites, such as a 
central temple surrounded by a series of smaller rural shrines.27
                                                          
27 Temples are multiple-client places for groups rituals, shrines are single-client places for individuals rituals (e.g. cathedrals and 
chapels). 
  The central temple is a large 
specialised area, with the outlying shrines simply reflections of its structure and purpose.  
Prominent examples of such religious spatial structuring with a centralised and focused design for 
religious behaviour are:  Aztecs’ Tenochtitlan (Conrad and Demarest 1984); Mayan’s Tikal 
(Schele and Miller 1986); Inca’s Cuzoco (van de Guchte 1999); Zapotec temples of Monte Alban 
and Mitla (Marcus and Flannery 1994); Puebloan kivas (Crown 1994); Mississippian mounds 
(Emerson 1997) and the Minoan palaces like Knossos (Marinatos 1993).  In all these examples 
the central temple acts like the hub of a wheel with the smaller shrines radiating like spokes from 
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this dominant point (cf. Jost 1994:228–229).  The specialisation, a type of separation, of the main 
temple and outlying shrines is achieved both architecturally and/or via select locations (e.g. 
removed by distance or exploiting geography) and serves to act like boundaries for generating 
sacred domains.  As Cole (1994:213) concludes in her archaeological analysis of the shrines of 
Demeter, which can be safely expanded to include all such hierarchical religious structuring,28
 
 the 
primary purpose of the orientation and design was to create a sense of  isolation which marks (via 
a temenos) both prominent temples and less conspicuous shrines as remote from the everyday (cf. 
Knapp 1999:235). 
2) Egalitarian Societies – In opposition to the centralisation of hierarchical societies, religious 
spatial structuring of egalitarian societies generates a spread across a region of similarly styled 
shrines.29  Inter-regional centralisation, such as ceremonial centres where groups of equals come 
together for ritual purposes, is constituted along ideological, rather than centrally structured 
designs (e.g., Mathews 1897f; Mountford 1976; Myers 1986; Strehlow 1970; Swain and Trompf 
1995).  Any clustering of religious structures is simply an accumulation of the same structures 
that are spread through a region and not a special central temple (e.g., Mathews 1897c, 1897e); 
more of the same thing and not something substantially new.  Regional analyses of Australian 
Aboriginal religious structuring has exemplified these ideas.  As the prominent Stanner (1964, 
1965, 1965a) and most recently Creamer (1979, 1984) have noted in their analyses, Aboriginal 
sacred places tend to be structurally very similar across social units.  The locating of ceremonial 
and sacred places separate from tribal and everyday domestic centres is prominent in the 
literature. It emphasises the uniqueness of select locations.30
 
  Thus egalitarian religious spatial 
structuring generates substantially more sacred associations than a hierarchical structure.  
However, regardless of whether the sacred association stems from a personal (shrine) or a 
collective intent (ceremonial centre) the separation, the passing from the everyday into a unique 
(sacred) setting is equally strong.   
3) Communal Societies – The religious spatial structure of communal societies is a mix of the 
nuclear tendencies of hierarchies and the individuality of egalitarian societies (McAnany 1995).  
The spatial structure of communal societies is composed of a massing of personal shrines within 
the bounds of the community but without a central temple (a dominant place). The multitude of 
centralised shrines emulate a common idea, in an individual rather than a hierarchical structure 
(Alexander 1979:216–2219; cf. Bradley 2000:6, 152).  Prominent examples are found in the early 
cities of the Near East such as Jericho (Kenyon 1957) and Çatal Hüyük (Çatalhöyük) (Mellaart 
1967).  The shrines of Çatal Hüyük for example follow the same basic design throughout the 
cities but lack a central temple (cf. Hodder 1997). Within each single dwelling, one room was set 
                                                          
28 For additional arguments compare Wright (1992) Cypriot rural sanctuaries; Derks (1998) the temples structure of Roman Gaul; 
Edlund (1987) Etrurian and Magna Grecian sanctuaries; Marcus and Flannery (1994) for similar descriptions of Mayan, Mixtec, 
and Zapotec spatial organisation; Karelsou ‘s (1981) analysis of Cretan Jouktas; Peatfield’s work at Atsipadhes in Crete (1992). 
29 Compare de Polignac (1994:10–18).  Examples here are: Australian Aborigines (Berndt 1959, 1974; Davidson 1936; Hiatt 
1962, 1996; Spencer and Gillen 1938 [1899]; Stanner 1965, Warner 1958); Mesolithic-Neolithic Europe (Bradley 1991, 2000). 
30 Berndt (1974:10–11); Collins (1910[1804]:311); Mathews (1897c,f:1–2, 1899e,f,g, 1903:122, 1907c); Mathews and Everitt 
(1900:276); cf. ethnoarchaeology: Hampton (1997); Jones and White (1988); Taçon (1990, 1991). 
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aside as a formal shrine.  This room did not conform to the standard utility of the common rooms.  
The shrines within Çatal Hüyük were distinctly different spatial entities (cf. Alexander 1979:217).  
The shrines formed a highly sacred inner sanctum separated from the surrounding, mundane, 
outer rooms.  It was a room apart from others, not a room a part of others.  The liminality of the 
shrines is very clear, the threshold being constituted in the walls separating the shrines from the 
outer rooms. 
 
Interim Summary  People organise their societies making a spatial distinction between what 
is sacred and what is profane.  The separation is most easily seen in the polar extremes of material 
culture, like ceremonial grounds, where it is possible to positively identify the boundaries between 
what is sacred and what is not by the way space is manipulated (Wright 1994:50).   In all the above 
examples, regardless of political differences, there is a specific demarcation of ritual areas.  Whether 
sacred places existed in a city, town, or in the country, they were always spatially structured as 
bounded (clinal or definite) entities.  The act of separating the sacred from the mundane seems to be a 
strong correlate of all religious behaviour.  Later sections, such as the one which follows, examine in 
more detail the actual form of the liminal patterns associated with religious behaviour. 
 
3.3.1.2  Religion, Geography and Liminality 
Religious behaviours, being founded on counter-intuitive assumptions (Boyer 1995:628; section 2.3.3), 
are often archaeologically associated with select geographic features (e.g., Bradley 1993, 2000; Brady 
and Ashmore 1999; Buikstra and Charles 1999; Cooney 1994; Derks 1998; Edlund 1987; Jost 1994; 
Taçon 1990, 1994, 1999).  Mulk’s (1994:125) description of Saami sacred sites most concisely reflects 
the general theme of the others: 
One of the characteristic features of... sacrificial places is their location on outstanding 
formations in the landscape [but not necessarily dominant formations], implying that the 
choice of location was primarily governed by topographical conditions.  As a rule, 
sacrificial places are naturally demarcated from the surrounding landscape.  Of all the 
holy places known today, the majority are found on or close to hills or mountains, on 
islets or places in lakes (so-called Saivo-lakes), close to rapids or waterfalls ….  In some 
cases a whole mountain could be regarded as holy, but most of the sacrificial ceremonies 
were practiced at places where there were either existing sacrificial stones or transported 
stones or wooden idols.  Many of these sacrificial places are naturally shaped stones, 
rocks or caves.... 
  
And as Donald (1998:182) concluded in his study of the interaction between the physical world and 
cognition: 
The habit of crafting the environment itself, as well as the smaller, more explicitly 
symbolic forms of material culture [section 3.3.2], to meet the social, practical and 
communicative needs of the group, is possibly the most salient marker of our 
distinctively human style of cognition. 
 
Humans use the environment to reflect their perceptions which in turn alter behaviour.  As seen in 
section 2.4, the influence of geography is dynamic, where geographic factors actively influence 
sociocultural behaviour.  This is a concept well understood by behavioural geographers (Golledge and 
Stimson 1997) but only slowly being addressed directly by archaeologists (e.g. Bradley 2000; Knapp 
and Ashmore 1999).  Natural places acquire an archaeology, as it were, because they are significant in 
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the perceptions generated by people’s minds (Bradley 2000:35; David and Wilson 1999:163–164; Wait 
1985:229–231).  The sections below examine the perceptual connection between humans and 
environment. 
Geographic features represent points of access, hierophanies, between the sacred and profane 
(Eliade 1959:216).  They can be physical representations of a religious concept (see abstract 
materialism, section 2.4), or thresholds.  Peatfield (1994:22) noted in his analysis of Minoan peak 
shrines, that a peak itself generates a connection with the gods, but the ‘natural architecture’ of the peak 
is also important: 
… most peak sanctuaries have no architecture.  On these, however, the features of the 
natural rock seem to have served ‘architecturally’, e.g., as temenos boundaries or to 
demarcate special ritual areas. 
Such geographically ordained liminal places (like the peak sanctuaries) over time become caches of 
concentrated ritual activity resulting in archaeologically visible elements relating to specific geographic 
features (cf. Bradley 2000:37; Jost 1994:217).  As Edlund (1987:44) found in her detailed survey of the 
geographic trends for Eturian and Magna Grecian sanctuaries: 
Even when the archaeological remains are scanty or have changed the appearance of the 
sacred place in nature, it is possible to suggest not only the origin and presence of a cult 
in the setting of nature, but also its importance and continued existence. 
How archaeologists should systematically approach the use of geography to reconstruct past religious 
behaviour is discussed in the following sections. 
Before looking at the geographic correlates of religious behaviour, one point of clarification is 
pertinent.  Geographic features play a significant part in the placement of sacred sites, but it would be 
wrong to assume Jungian style ‘archetypes’ of landscape exist (cf. Nash 1997; Peatfield 1994:20; 
Taçon 1990:13).  The relationship between humans and geography is not tied to specific features, 
rather there is a process of association between humans-concepts-geography (cf. Wait 1985:7).  The 
importance of geographic features is not in the specifics of a type of feature (i.e., archetype), not all 
mountains or peaks are sacred, but rather in the perceptions it generates.  As Peatfield (1994:21) has 
commented, cultures that evolve in a landscape are likely ‘to have an appropriate ritual response to it’.  
People seek out and are influenced by what is distinctive in their landscape, especially in relation to 
religious behaviour (Jost 1994:217). 
For example, the Australian Aboriginal Bora31
                                                          
31 For a discussion on the Bora see section 4.7.2.1.1. 
 ceremony is often historically associated with a 
raised clearing near a river (Black 1943–1950; Fraser 1892:16; Sadlair 1883:12;) which may lead some 
to conclude that this river-clearing combination is indicative of the Bora.  (The concern here is with the 
geography of the locale not the earthen rings often associated with the Bora.)  Other studies (Mathews 
1903:128; Creamer 1984) however have shown that the Bora was not restricted to river-clearings, and 
are most likely associated with distinctive geographic features.  The river-clearing seemingly became 
the norm only since European settlement, when stocks of supplies shifted from the hinterlands to new 
urban areas along the rivers (McBryde 1974:52–55).  Thus a changing landscape for late century 
Australian Aboriginals caused a change in the geographic orientation of their perceptions.  The need for 
separation was maintained, but different (localised) geographic associations were used to attain the 
result. 
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 Geographic associations with religious behaviour are not predicated on specific features, 
rather they are based on a structural order of associations. 
    
3.3.1.2.1  Geographic Emotion 
Research by behavioural geographers Amedeo (1993), Golledge and Stimson (1997), Hillier and 
Hanson (1984), Mehrabian and Russell (1974) and Ulrich (1983) suggests that human emotional states 
are strongly tied to spatial settings (section 2.4).  According to such studies, the geography of an area 
directly affects human spatial perceptions.  It seems that humans contain a certain level of 
predetermined emotional responses which are triggered to a degree by their physical surroundings.  
Individuals seem to follow emotional norms, derived from a common psycho-physiological structure, 
which tends to govern their affective responses to environments (Hillier and Hanson 1984).  Since 
humans have a similar cognitive structure and geography affects the emotions, there is a strong 
probability that certain geographic structures will produce similar emotional responses in all humans 
(Mehrabian and Russell 1974). 
What this means for archaeologists who analyse the relationship between material culture and 
‘natural’ rather than ‘built’ landscapes is that they can expect a (highly probable) relationship between 
emotionally charged geography (e.g., dramatic, unusual, or distinctive features) and the associated 
material behaviour (cf. Knapp 1999:231).  Trends in the relationship can be extrapolated to predict 
likely behaviour (e.g., Bradley 1993:2–3; Morphy 1995:183–189; Taçon 1990:28).  Bradley (2000:32) 
recently summarised this in an insightful analysis of the archaeology of natural places: 
The point is not to look for precise parallels between… cultures but to accept that in very 
different societies ecstatic experiences [for example] might become associated with 
similar features of the landscape. 
This point has been stressed many times across many archaeological genres for example with Jost’s 
(1994:217) conclusion of Arkadian geography that ‘certain places seem destined to be considered 
sacred’ was echoed by Hampton (1997:75) in a diverse analysis of the lithics of the Highland of Irian 
Jaya.   
One of the central features of sacred ritual is to ‘bridge the gulf between this world and the 
other world beyond’ (Renfrew 1985:16; cf. Leach 1977:81–84).  As Crumley (1999:274) has 
commented: 
…sacred precincts [sites] everywhere are modeled on a core set of natural places 
(mountains, caves, rock outcrops, springs, etc.)….  These places are considered liminal, 
tucked between the mundane and the spirit world; they are entry points into another 
consciousness.   
Religious ritual operates principally to inspire awe in the participants, an experience which connects 
them with the sacred (Boyer 1994:30–32; cf. Geertz 1957:421).  And in creating this bridge the more 
distinctive geographic features32
                                                          
32 Along a general environmental continuum sacred sites should seek more remote or less obvious combination of features; 
possibly unique but more likely less common in occurrence.  Such features would include: elevated plateaus (e.g., Marcus and 
Flannery 1994), springs (e.g., Cole 1994), lakes (e.g., Wait 1985), monoliths (e.g., Barnatt 1998), floodplains (e.g., Buikstra and 
Charles 1999), bluff crests, holes (e.g., Witter 1989), caves (e.g., Tyree 1974), mountains (e.g., Townsend 1982, 1991), 
prominent knolls (e.g., Jost 1994), distinctive saddles (e.g., Steinsapir 1998), openings in forests or stands of trees (e.g., Birge 
1994) and the convergence of valleys, rivers, waterfalls (e.g., Edlund 1987).  Rather than being dominant features it is more 
probable they are functionally distinct or otherwise prominent features (e.g., Jost 1994; Steinsapir 1998).   
 are the most suitable, as they produce the greatest dramatic impact 
(i.e., generate the best separation from the norm), as Taçon (1994:126) concluded from ethnographic 
and archaeological analysis of North American and Australian rock-art: 
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… the sites with outstanding natural signifiers that are considered the most powerful 
parts of the landscape by diverse groups of contemporary people. 
 
In general terms, geography which in some way shows a break from the mundane is likely to be 
significant in generating the emotional response necessary to incite a connection with the sacred (de 
Polignac 1995:33–34); it is the ‘distinctive, out-of-the-ordinary appearance’ which forges ties with the 
sacred (Taçon 1990:30).  The natural lie of the land in this regard may heavily influence the 
topographic choices associated with religious ritual structures (cf. Morphy 1995:186–188).  As seen 
earlier the human brain/mind is predisposed to certain spatial and conceptual norms (CRT).  Combined 
with the recurrent tendency for separate and unique religious ritual systems (Lawson and McCauley 
1990:122–125) this predicts geography, in particular emotionally powerful geographic features will 
affect notions of sacred space.  
 
3.3.1.2.2  Systematic Approach to Geography and Religion 
In a systematic approach to the relationship between geography and religious spatial structuring, where 
well defined criteria show patterns of geo-religious spatial behaviour, the most concise work comes 
from the realm of Classical Archaeology.  In recent archaeological work Wright (1994), Osborne 
(1994), Jost (1994) and Peatfield (1992, 1994) in response to de Polignac (1984) and to some degree 
Renfrew (1985), have all found that the location of sacred sites was dictated to a large degree by a 
combination of particular geographic features.  The geographical features in themselves were not the 
reason for the site’s existence, as a number of like combination of features were found without any 
signs of religious behaviour.  There is a great deal of distinctive geography, but only a little is directly 
connected with religious activity.  It is more precise to state that geography is important in determining 
the placement of sacred sites (Alcock 1993:202; Jost 1994:217–221; Knapp 1999:248).  As Taçon 
(1994:126) has noted, the natural organisation of the environment suggests possible initial locations for 
ritual activity, which is then reinforced by material interactions with the environment, and in the end 
generates a self perpetuating loop between the perceptions of a place and the correct behaviour 
associated with a place.  Religious behaviour is dynamic, and people’s perception of geography is an 
important aspect of this dynamism.  
Place matters most to those people who are aware of its significance.  Place itself therefore, is 
not as important as the relationship between concept and place.  Sacred places are logically distinct 
from their surroundings in order to generate the requisite inspirational experience within participants 
(Cole 1994:216; e.g., Brady and Ashmore 1999:126–128).  Sacred space is archaeologically 
identifiable through a combination of attributes, one of these is its association with outstanding natural 
features. 
Peatfield (1983, 1987, 1992, 1994), for example, has shown how various environmental 
features, especially prominent peaks, have a direct association with the location of religious space.33
                                                          
33 The recurrent features associated with religious activity in elevated areas are also identified in a number of New World 
research projects such as Townsend (1991), Carrasco (1991), Broda (1991), Buikstra and Charles (1999).  Peatfield’s (1992) 
work on the topography of Minoan peak sanctuaries is one of the most concise and detailed outside of the New World studies, 
which is why I have chosen it as the main example.  The material indicators of Minoan shrines used in Peatfield's work are 
documented in several earlier studies and do not form an issue in shrine identification.  Comparison could also be made of Wait’s 
(1985:154–190) study of British Iron Age shrines. 
  
The marginal economic zones of the mountainous regions of Minoan Crete are easily segregated into 
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probable behavioural zones (Peatfield 1994:21).  Within these Peatfield (1992:60–61) identifies the use 
of the extreme high ground, like natural rock features, ridgelines or peaks, as demarcating special areas 
for Cretan Bronze Age religion.  Peatfield (ibid.:60) models the peak sanctuaries as: 
a site on or near the summit of a mountain, situated to maximize human interaction 
(visually and physically accessible from areas of human habitation and exploitation), and 
identified as a shrine by the presence of specific group of animal and human clay 
figurines, including anatomical models, all interpreted as votive offerings. 
 
His interpretation flows from a spatial distributional model of over 7500 objects associated with the 
peak sanctuaries.  Peatfield’s results showed that the distribution of select artefacts was not random, 
and in fact followed certain natural environmental features (1994:22).  In other words, geography and 
material culture were combining to satisfy perception and in doing so separated out a specifically 
religious social landscape where some activities (such as the deposition of figurines) was constrained 
by the geo–structuring of the sanctuaries (cf. Alcock 1993:202).  It was acceptable for some activities 
to take place in the sanctuaries but not outside the sanctuaries (a type of the liminal separation).  
In accordance with his model, Peatfield then analysed other likely sites to test their viability as 
probable shrines.  In doing so he found the recurrence of five topographic features were characteristic 
of all peak sanctuaries (Peatfield 1992:60):  
1. prominence and visibility of the peak (elevated feature) from the area from which the 
participants came; 
2. good view down onto that same area; 
3. can see and can be seen from other prominent or ritual locations; 
4. accessibility; 
5. proximity to areas of human habitation and exploration. 
The crux of Peatfield’s findings is that the peaks themselves formed a natural transition between the 
mundane and the sacred, a separation from the low lying domestic centres.  The topography of the 
sanctuaries offered significant internal and external structure to focus attention and surely provide a 
limen for ritual participants (attention-focusing phenomena are discussed in section 3.3.3).  And in this 
regard Peatfield (1994:23) found that the presence of secondary topographic features was often 
characteristic (section 5.2).  Such features are generally examples of distinctive topography situated 
near prominent natural transition points (e.g., a cave at the base of a mountain, a saddle near a summit, 
a rock well on a tor).  Places without these secondary features are less likely to exhibit artefactual 
evidence of ritual behaviour if the primary geographic features (e.g., the actual peaks themselves) are 
both difficult to access for group activities and their exposed position makes it difficult to maintain a 
significant archaeological deposit. 
These secondary liminal sites were easy enough to access and supply, yet still remained 
distinct from the norm.  This ecological feature associated with sacred geography is understood in this 
thesis as rational determinism (cf. Mithen 1998:103).  Sacred places must be distinct but they must also 
cater for the day-to-day needs of their participants.34  For Minoan sanctuaries although the highest 
peaks were the most dominant, the actual ritual sites were located lower down on the mountains’ on 
secondary features (e.g. on a saddle or terrace) where conditions and access was more hospitable.35
                                                          
34 Isolated sacred places do exist which are completely independent of an extended socio-economic structure, but unless they 
conform to a specific pattern  they are unlikely to be archaeologically recognisable as related to religious activity (see Tyree 
1974; section 3.3.2.3). 
35 In comparison Jost (1994:218) stated: 
   
CHAPTER 3 - Model  Part I Spatial Indicators 64 
 
Similar to the Classical world, there are many examples in Australian ethnography and 
archaeology where ritual gatherings are associated with the exploitation of specific resources (e.g., 
Bowdler 1981; Flood 1980; Morphy 1995; Morwood 1987; Spielmann 1986; Yengoyan 1972). What 
was important in choosing the ritual locale was that it emphasised the uniqueness of the event by 
choosing a select location separate and distinct from normal tribal areas (Mathews 1897c, f, 1903:122; 
Strehlow 1970), ecology was a factor but not the intention (see note 14). According to Morphy 
(1995:201), while details (ecological rationales) between places can vary the use of separation between 
places often generated by distinctive geography ‘reinforces the idea of a prestructured universe’ where 
cosmology, and the closely related religion, is organised by variations in place. 
 
Interim Summary  Peatfield’s (1992, 1994) findings were achieved through a systematic 
analysis of the material culture and its broad environmental context.  They offer insight into some of 
the geographic principles associated with religious spatial behaviour, these can be summarised as 
follows (see Taçon 1999:37, section 1.3.2): 
1. places where a geographic or topographic transition is evident (peak, gorge, precipice, tor); 
 
2. places associated with distinctive topographic features (distinctive eroded formations, glacial 
eradicates, volcanic diatremes); 
 
3. places where the natural topography focuses attention (vistas, spurs, clearings, platforms, 
saddles); 
 
4. places which combine the above with a rational determinism (rock wells, high density 
foodstuffs, shelter)  
 
3.3.1.3  Graduated Spatial Behaviour and the Idea of Sacred Proximity  
One of the most basic concepts in spatial organisation is the concept of geometric proximity where 
opposing elements are grouped by the spatial distance between them (Zubrow and Daly 1998:161).  In 
terms of sacred spatial behaviour (select rituals) and material culture, people physically respond 
differently as they get closer to what they perceive as sacred (Lawson and McCauley 1990:124).  
Parkin (1992:16–18) and Rappaport (1999:26) independently concluded that the most salient principle 
of religious behaviour is its organisation of spatial relationships.   
[Religious rituals] … presuppose phasal movement, directionality, and positioning.  
Since it is through such movements and positions that participants make statements both 
about the world [the cognised reality] and about the ritual itself…. (Parkin 1992:12) 
 
Religious behaviour is graduated, so actions become more formal (section 3.3.2) and incremental 
(section 3.3.3) the closer one moves towards the sacred focus point (the most sacred physical place, see 
figure below) (cf. archaeology: Derks 1998:200–201).  Graduated spatial behaviour forms an integral 
part of this thesis and as such, it is discussed several times (especially sections 4.8.2 and 7.1) where a 
distinction between behaviours based on the gross geometric proximity of material features is made.  
This section offers a more generalised discussion. 
                                                                                                                                                                      
Arkadian mountain peaks seem to have been exceptionally well endowed with sanctuaries, which were 
generally established not at the very highest point, which is also the most windy and most inhospitable, but a 
little lower down on some more or less flat natural terrace or on a saddle. 
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Graduated spatial behaviour (GSB) in sacred space dictates that after passing through a 
liminal zone there is a steady increase in the formal separation of activities as participants get closer to 
the ritual focus point (see figure below).  According to Parkin (1992:16): 
The approach to [religious] ritual as always concerned with movement, directionality, 
and spatial orientation is, I think, distinctive….  They all…involve a liminal phase, a 
betwixt-and-between element, and so presuppose an initial phase of separation and one 
of reaggregation.  (my italics) 
 
The degree of sacredness increases the closer one moves towards the sacred focus point (Edlund 
1987:44; Lawson and McCauley 1990:176; Leach 1977:82; Wallace 1966:56).  And the actions leading 
up to the focus point follow a formulaic trend, which evokes opposition, separation, movement and 
directionality (Parkin 1992:19).   
Figure 5:  Model of sacred proximity (extracted from sacred continuum Figure 4). 
Liminal
Zone
Range of Material Culture
(Increasing separation and formalisation after passing
through liminal zone and approaching the focus point)Mundane
Focus
Point
Sacred
Sacred Proximity
 
In these instances, the structure of archeological material, conforms to the liminality of the place so that 
the range of material and the controlled distribution of activities will generate a select assemblage 
(Levy 1982:19–20; Megaw and Simpson 1981:465; Wait 1985:7).  As Bradley (2000:127) recently 
commented in relation to movement within Neolithic monuments, it seems that people moved around 
the buildings in a prescribed order, viewing their surroundings (upright posts) sequentially, placing 
deposits in a set order.  Different kinds of deposits were spatially structured in very specific ways 
(ibid.). 
In most cases although the subject of religious focus is not artefactual material (e.g., God is 
the mountain; God lives in heaven above a mountain) actions related to the objectification of that 
subject are associated with material culture (section 2.4).  While it may never be possible to know what 
the subject (the god) was, it may be possible to identify its probable influence on spatial behaviour.  
Peoples’ actions on the ground indicate how they perceived their surroundings (cf. Clarke 1968:119–
123; David and Wilson 1999:163; Knapp and Ashmore 1999:15; Wright 1994:77). 
An example in ethnoarchaeology is what Witter (1989:5) has identified as a ‘zone of sacred 
influence’ (cf. Bradley’s 2000:64–80, distributional analysis of rock-art).  This zone indicates an area, 
such as a sacred focus point, which must be respected in behaviour.  Here it proves productive to revisit 
Witter’s (1989:4–5; section 1.3.1) salient predictive scenario where he describes how Boat Rock Hill 
was likely to have functioned as a ceremonial site: 
… the main camp [associated with an initiation ceremony] is set up on the southeast 
slope [of a prominent hill] which has good exposure to the morning sun and access to the 
water in the well.  The boy’s camp is set up elsewhere.  The rest of the hill is a forbidden 
area.  The women must walk around it if they are to forage for plant foods…. 
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[If such a scenario is true] it would be consistent with other such sites that there would 
be ‘zones of sacred influence’.  This would mean that the rock well and crest [of the 
prominent hill] probably would be of the greatest intensity.  The slope might form a 
second zone which also would be imbued with the power and influence of the site.  There 
also probably was a third buffering zone around this which was ‘in the shadow’ of the 
site and in which influence was felt. 
 
In Witter’s scenario there is a marked difference in behaviours as one moves towards and away from 
the rock well, the probable sacred focus point.  The distribution of activities is graduated, locations 
where certain groups were allowed to congregate; where certain activities were allowed (ochre 
grinding, blade manufacture, ibid.:2) or not allowed (foraging).  Witter notes that the formality of the 
assemblages also follows this same graduated distribution; the most restrictive rules are associated with 
the most intensely sacred areas, while the outer areas will have less, but still noticeable, variations in 
the depositional formality of archaeological assemblages (section 3.3.2; cf. Barnatt 1998:95).  Outlying 
camps likely form the support structure for the more restricted ritual camps further up the hill (cf. 
Berndt 1969:42, 1974:11; McIntyre 1990:28).  The next part (section 3.3.2) discusses the difference 
between ceremonial support camps and the more general mundane support camps (e.g., logistic support 
camps).  What is pertinent here is the recognition of the distributional relationship operating in 
response to the zone of sacred influence.  Activities are spatially segregated because the concept of the 
sacred requires a distinction from the norm and the principles of geometric proximity dictate that one of 
the easiest ways to achieve a sense of distinction is to increase the distance between behaviours. 
 
 Interim Summary Perceptions of sacred space affect behaviour.  The closer someone is to a 
sacred place the more restrictions are applied to their behaviour. The distinctive formulaic organisation 
of rituals is diagnostic of religious behaviour (Parkin 1992:11; Rappaport 1999:27).  In identifying past 
religious spatial behaviour archaeologists should look for patterns of phasal movements (liminality) 
which have a distinct directionality (a penchant for separation) and a distinctive positioning in the 
world (a distinctive geographic association that stresses awe and separation).  
  
3.3.1.4  Summary – Spatial Indicators of Religious Behaviour 
Religion is very complex.  Defining any aspect of religious behaviour is risky.  This first part has 
isolated what I think are the salient spatial indicators of religious behaviour.  In themselves they do not 
define religion, but they offer clues to the spatial operation of religious behaviour.  The most 
characteristic aspect of religious behaviour is probably the spatial organisation of movements.  Three 
points dominate: liminal separation, distinct geography, and the phasal movement of graduated 
spatial behaviour. 
All religious rituals involve a liminal zone, a threshold between the sacred and mundane.  This 
zone necessarily punctuates the sacred continuum.  While the liminal zone creates separation it also 
allows for reaggregation, so that religious behaviour is best understood as a clinal relationship between 
the opposing ends of the sacred continuum.  The further participants moves along the sacred continuum 
the more separate their associations from the mundane; the movements leading up to this sacred 
position increase in their sacredness.  
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The concept of liminality is both simple and complex.  Most simply it represents a distinction 
between sacred and profane.  On one side of the threshold things are sacred and on the other side 
profane.  Yet the line itself is rather broad and fuzzy making it difficult to know exactly when you enter 
and leave the middle for a side.  Archaeologists should not concentrate on this fuzzy region, the actual 
liminal zone, but look at either side, parts of a continuum.  The poles of the continuum can be seen as 
distinctly mundane or sacred.  The religious phenomena of spatial behaviour will appear separate and 
distinct near the poles.  Moreover, when the cultural matrix is examined in its entirety, the graduated 
nature of religious spatial behaviour displays incremental or very pronounced separations in the 
material record.  In a simplistic (not diagnostic but useful) formula, archaeologists can reconstruct 
religious behaviour through the clinal separation in the distribution of material culture.   
Awe relates geography to religious perceptions.  As religious ritual is a physical act it is 
intimately connected with the physical world.  The dynamic relationship between geography and 
religious behaviour is well documented.  Certain geographic attributes which produce the special 
feeling of awe conform well to religious paradigms (being counter-intuitive, ritually ostensive, and in 
need of objectification, section 2.3.3.1).  Religious concepts and behaviour in relation to geography are 
in part constrained by the perceptual properties of the brain, the psychology of the mind and the 
physical reality of space, thus the recurrent use of select geographic places can be seen as a winnowing 
of the religious correlates which anchor well in the mind (cf. Mithen 1998:104).  The attributes seen 
spatio-temporally recurring are likely to relate to a core foundation of religion.  These geo-correlates 
are summarised as:  1) places of transition; 2) distinctive places; 3) places which focus attention; 4) 
places which combine the three preceding attributes with a rational ecological determinism.  The 
rational determinism allows for the physical needs of participants (a place to gather, proximate to 
resources, accessible, etc.) but still remains geographically distinct. 
Finally, and perhaps most decisively, religious behaviour relates to a formulaic pattern of 
spatial action.  Religious behaviour is ordered and directional movement of activity is targeted towards 
a specific point or place across space.  This graduated spatial aspect of religious behaviour forms the 
foundation of the analytical model of sacred spatial behaviour used in this thesis (distance matrix, 
section 7.1).  It is a distributional analysis devised to seek patterns (distance variations, geographic 
associations, artefact associations) in the way artefacts and/or assemblages are separated in space.  
Religious behaviour should result in very organised clinal distributions, which targets select geographic 
features and is sufficiently recurrent to qualify as a process of behaviour. 
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Part II  Religious Depositional Behaviour 
 
3.3.2  Deposition within Sacred Space 
 
Features of the landscape identified as sacred may take many forms: a tree, a stream, a 
rocky outcrop, the direction from which the sun rises.  For the archaeologist, recovering 
meaning from such natural phenomena may seem an insurmountable task.  But not all 
that is sacred is of natural origin.  People construct and remodel elements of the 
landscape, and these processes often leave archaeologically recoverable traces.  Such 
residues facilitate our understanding of ancient societies, their politics and their 
ideologies.  (Buikstra and Charles 1999:203) 
 
As Buikstra and Charles so pointedly state, peoples’ material behaviour often reflects sociocultural 
ideology; not a novel point but an important statement.  The trick for the archaeologist is to identify the 
various materials and depositional processes, which combine to create the sacred landscape from the 
vast sea of processes and materials constituting material culture.  What depositional characteristics 
make religious material behaviour identifiable?   
The first part of this chapter looked at how people organise their spatial movements in 
response to religion, the kinds of movement and the types of space that are characteristic of religion.  
As part of this spatial behaviour people use material objects.  The way people use and organise these 
objects is also evidence of past perceptions.  As this thesis will show the repetitious formality of 
religious behaviour results in a structurally formal deposition and selective array of material objects.  
The various degrees of separation (classifications) characteristic of religion also mean that selective 
associations exist between material objects. 
Unfortunately for archaeologists any object can be sacred.  There are some visual attributes 
(Wobst 1977) which make objects more able to transmit religious information (section 3.3.4), but in the 
end any object can function as a sacred object if it is perceived as such at the relevant time and place 
(Walker 1995:70–72).  For instance, a functionally mundane scraper or axe can become a ritualised 
object if it is used in that regard despite any number of utilitarian characteristics (Cooney 1998:110–
114; Hampton 1997:279–283). 
As it stands, context is the only way for archaeologists to determine the ritual function of 
objects.  As Wait (1985:188) has concisely stated: 
The difficulty is to identify ritual pots and knives from ordinary pots and knives; the 
distinction is most likely to be in the context in which the artifacts are encountered.  
 
Thus an analysis of the structural attributes of deposition, which is exemplified both spatially and 
within this context via variations in object specific features (such as the general differences between 
lithic categories, usewear, raw materials, etc.) is the best method archaeologists can employ to identify 
religious material culture. 
 
Section Organisation  This second part examines the structural nature of depositions related 
to religious behaviour.  Spatial relationships are a vital aspect (part I), but the objects themselves also 
have patterns.  The formal pattern or structured deposition of archaeological deposits as characteristic 
of ritual discard is discussed in the first section (3.3.2.1).  An extended example follows from Richards’ 
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and Thomas’ (1984) important but often overshadowed analysis of the structured depositions found at 
Durrington Walls.  An outline of the various depositional patterns associated with ritual activities is 
next (3.3.2.2).  One of these, ritual support, is discussed at length as it is most pertinent for the current 
project.  The last section (3.3.2.3) briefly examines the necessary scale for an archaeological 
identification of religious behaviour.   
 
3.3.2.1  Ritual Structure  
The depositional patterns made by religious material behaviour are formal (Richards and Thomas 
1984:204; Renfrew and Bahn 1991:359).  Ritual must be performed over and over again (Rappaport 
1979:176, 1999:23–54; Wallace 1966:67–71).  As ritual is inherently ostensive (Parkin 1992:11; 
Rappaport 1999:37–38) the resulting deposits are likely to be uniform throughout a stable period 
(Alcock 1993:172–214; Knight 1985:675–679; Levy 1982:5; Marcus and Flannery 1994:56; Renfrew 
1994a:51–54).  The distribution of artefacts associated with this behaviour will follow the same general 
spatial pattern (Mithen 1998:99; Wait 1985:79–82; Witter 2000:57).  As Flannery (1976:332) stated: 
[Rituals] are relatively standardized religious acts which, if performed sufficiently often 
during the occupation of a site, will appear in the archaeological record as patterned 
behaviour.  
 
It is a formal set of rules, not a rigid system, that makes a ritual (Rappaport 1968:3–4).  
Rappaport (1999:26–28) writes that these rules dictate a specific type of organisation. The specific 
materials associated with rituals are not necessarily diagnostic (though they are useful as sorting 
indicators of variations in activity) rather it is the way materials are organised that indicates ritual.  
Material artefacts conform to a spatial pattern which arises from the organisation of cultural 
relationships (Bradley 2000:118–127; Cooney 1998:117–118; Strathern 1998:143–145).  Religious 
material behaviour should be evident archaeologically in a recurrent non-random discard pattern 
(Walker 1995:72–73). 
 
3.3.2.1.1  Structured Deposition 
‘Structured deposition’ describes the formal organisation of material culture both in and on the ground 
(Bradley 2000:118).  The structure is derived from recurrent formal non-random patterns of 
associations of material culture.  The structured deposit often relates to the ‘special character of the 
places they are found’ (ibid.:120).  The deposition itself is generally comprised of a fairly limited array 
of artefacts grouped together in locations separate from more generalised clusters – forming a place-
based material separation.   
A structured deposit is an important indicator of religious activity, because such deposits show 
the formality characteristic of religious behaviour.  However, as with the geographic indicators, 
structured deposition is not predictive of religious ritual activity (cf. Hill 1995).  Identifying sacred 
behaviour requires a much wider analysis and multiple indicators.  
Nonetheless, the structural deposition of religious behaviour is a special type.  The graduated 
and punctuated focus of religious spatial behaviour means that the associated deposit will not only be 
relatively formal (discrete grouping of artefacts) but will be focused as well (section 3.3.3).  Ritual 
depositional patterns should be targeted in more detail than a simple clinal drop-off (cf. Walker 
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1995:77; Witter 1989:4–5).  This idea is expanded in part III, section 3.3.3, while this second part 
concentrates on the actual depositional characteristics. 
 
3.3.2.1.2  Structured Deposition at Durrington Walls 
Richards and Thomas’ (1984) insightful study of structured deposition and ritual in the Late Neolithic 
of Wessex at Durrington Walls offers an immensely valuable demonstration of how religious ritual 
activity can be recognised in the organisation of the artefactual deposit.  Richards and Thomas 
(ibid.:215) concluded that the clear spatial patterning at Durrington Walls indicated a formal deposition 
that was indicative of ceremonial behaviour.  Archaeologists now know that more information36
Table 5:  Durrington Walls summary of artefacts. 
 is 
necessary for such a definite conclusion, but the crux of the analysis, the depositional assessment, 
remains solid.  It exemplifies how one identifies a structured deposit.  Richards and Thomas’ study 
showed that both the depositional structure and objects themselves acted to mark spatial boundaries (cf. 
Jones 1998). Where certain artefacts were grouped and others were absent indicated the way people 
perceived the henge (cf. Thomas 1996:177; for an Australian equivalent see David and Wilson 
1999:163–164). 
It was convincingly shown that certain activities within the henge were carried out in opposing 
spaces such that the more homogenous deposits (Southern Circle) and heterogeneous deposits 
(Northern Circle) did not impose upon each other (Richards and Thomas 1984:204).  According to a 
distributional analysis (see table below) the Northern Circle varied substantially from the Southern 
Circle complex (Circle/Platform/Midden).   
Durrington Walls Summary of Artefacts* 
Northern Circle Southern Circle/Platform/Midden 
 
 Grooved Ware ceramics undecorated 
 Low proportion of heterogeneous stone artefacts 
 2 antler picks 
 No bone awls-pins (pig remains) 
 High proportion of faunal waste bones 
 
 Grooved Ware ceramics decorated 
 High proportion of finished to waste stone artefacts (more 
homogeneous) 
 354 antler picks 
 High proportion awls-pins (pig remains) and faunal meat 
bones 
 No cores or waste flakes in the midden 
 
*Extrapolated from Richards and Thomas (1984). 
 
It was apparent that the Southern Circle and Platform of Durrington Walls represented a select group of 
artefacts.  The high quality of artefacts in this area, including decorated ceramics and finished tools, 
represented a density of artefacts at odds with the overall even distribution across the rest of the henge 
and in general for the Wessex region (see Thomas 1996).  Three points are germane: 1) stylised 
Grooved Ware distributions; 2) stone tool reduction typologies; 3) faunal exclusion areas.  
 First is the evident split between decorated and undecorated Grooved Wear ceramics.  The 
concentration of decorated vessel fragments in the Southern Circle represents a departure from the 
normal distributional concentration of undecorated fragments (Richards and Thomas 1984:204), 
making the southern area distinct.  In general spatial terms, undecorated ceramics should outnumber the 
decorated ceramics, but in the Southern Circle decorated ceramics dramatically dominate the 
                                                          
36 Durrington Wall represents what Thomas (1996) later recognises as a complex set of depositional behaviours.  A simple direct 
connection between depositional pattern and behaviour is not possible (e.g., Wainwright 1975, 1990).  The scale was too small.  
What is not covered within Richard’s and Thomas’ (1984) work is how Durrington Walls relates within the wider analysis of late 
Neolithic traditions (see Thomas 1996). 
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assemblage.  As Richards and Thomas infer from their continuum of design, the high proportion of 
decorated ware found in the Southern Circle is also evidence for an area of select/elite behaviour 
(ibid.:193), marking the area distinct and special.  The apparent contrast between decorated and 
undecorated ceramics generates a complementary-avoidance depositional relationship.  Where 
normally two types of artefacts would mix (albeit unequally) now there is an ‘either/or’ situation which 
indicates a pronounced separation of the different behaviours that Richards and Thomas associate with 
the different styles of ceramics.  In their interpretation the elite participants have separated from the 
mundane.   
 Second the distribution of stone tools between the two circles indicated a formal depositional 
split.  Five points are clear:   
1. in comparing the spatial distribution of stone and ceramic artefacts, the two exhibited a mutual 
avoidance of each other;  
2. finished tools and flakes were proportionally higher in the Southern Circle but maintained the 
avoidance of each other, so they deposited in separate parts of the circle;  
3. scrapers were found evenly distributed across the entire site;  
4. there was significantly less material in the centre of the Southern Circles than at the periphery; 
5. the areas outside of the Southern Circle complex displayed a more even spatial distribution of 
stone artefacts.   
 
The formal distribution of stone artefacts within the henge seems to be evident at the inter-artefact 
(small scale) level of analysis.  Again these show a repetition of behaviour and even more distinctly the 
precision of formal behaviour.  As participants moved towards the centre of the site their range of 
activities changed, increasing in formality and decreasing in selection.  The authors concluded that in 
general the Southern Circle was a special purpose area, refined in the use of tools (evident from the 
significant amount of finished arrowheads, knives), maintenance debris (waste flakes) and limited 
amount of cores (especially in the midden).  
Third, the spatial distribution of faunal remains also reinforces the segregation of artefacts 
identified by the spatial distribution of the ceramics and stone artefacts.  The authors describe the 
faunal information as suggesting ‘a very complex pattern of carcass utilisation’ (ibid.:207).  Pig 
remains, for example, are absent from the Northern Circle, while the Southern Circle has a high 
proportion of pig meat and cattle waste bones, and wild faunal remains are found only outside the 
henge, excluding exotic species, while domestic animals dominate inside the henge (likely a 
complementary-avoidance strategy). 
As with the ceramic artefacts, Richards and Thomas explore social reasons for this unusual 
distribution of pig and cattle bones.  Their ethnographically derived conclusion is that the trends in 
faunal remains indicate that the Southern Circle was a ceremonial feasting area (ibid.:215).  Certain 
species of animals and certain breeds (a selective array) were utilised in specific ways as directed by 
formalised repetitive behaviour.  And, perhaps most important, the feasting was spatially directed and 
followed the same formal pattern seen in the distribution of other artefacts, marking especially the 
Southern Circle as separate and distinct. 
In sum, Richards and Thomas identify a graduated formal discard structure in the circles at 
Durrington Walls (cf. de Polignac 1995:36–41; Derks 1998:200–212).  The outlying heterogeneous 
deposits give way to an increasingly homogeneous and select series of deposits in the Southern Circle.  
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Within this homogeneous area, the Southern Circle, there is a noticeable change in the formality of the 
deposit near its centre.  In general, movements seem to be becoming increasingly selective the further 
one moves into, and around, the henge.  The resultant distinctive spatial discard pattern (ceramic, stone, 
bone) was interpreted by Richards and Thomas (ibid.:204) as a non-random, structured deposition 
characteristic of ritual behaviour: 
Such clear spatial patterning surely points to a pattern of formal deposition, rather than 
the existence of more utilitarian activity areas. 
 
 Richards and Thomas’ analysis clearly shows that the recognition of formalised repetitive 
behaviour, a chief characteristic of ritual, is well within the grasp of archaeology.  They show how 
distinct discard patterns are evidence of a formal spatial structure; how the location of individual 
classes of artefacts, like stone and ceramics, complement the architectural formal spatial structure; and 
how individual types of artefacts, like decorated Grooved Wear, finished stone tools and faunal 
remains, add interpretative dimensions (the identification of past ceremonial activity) to the formal 
deposit structure.  The depositional patterns are quite specific and reflect specific movements in space 
and time.   
  
Interim Summary  Structured deposits can be powerful indicators of past peoples’ use of  
space.  They suggest the degree of contextual formality for groups of artefacts and how recurrent or 
random certain artefact associations are.  Because religious behaviour is formal, a structural analysis of 
the archaeological deposit is productive.  Richards’ and Thomas’ work identifies three important 
characteristics of religious material behaviour:  
1. graduated formal structure; 
2. contrasting homogeneous and heterogeneous deposits; 
3. complementary-avoidance depositional strategies where certain artefact types/classes tend to 
avoid grouping (e.g., primary manufacture vs. maintenance, pig bone vs. wild fauna, 
decorated vs. undecorated ceramics). 
 
All archaeologically identifiable religious behaviours will have a formal depositional context, but not 
all structured deposits will necessarily be religious.  The next section examines some of the specific 
types of depositions associated with religious behaviour. 
 
3.3.2.2  Ritualistic Deposition 
Ritual deposition follows three formal patterns either alone or in combination of:  
1. ritual discard; 
2. ritual sacrifice; 
3. ritual support.   
All the resulting deposits have significant levels of homogeneity, but are distinguished mainly between 
functional and nonfunctional deposits (Levy 1982:1; Merrifield 1987:185; Walker 1995:73–79; Wait 
1985:47).  The first and third are waste, the second is valuable and marks an intentional deposit.  
Ritual discard is the trash left behind after a sacred event.  It is predominately made up of a 
limited array of waste materials in a specified spatial setting, pertaining directly to a ceremonial event 
(Walker 1995:67–77; cf. Wallace 1966:54–55).  While ritually discarded materials are generally 
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deposited unintentionally (e.g., Witter 1989:2 assessment of scarification blades), this need not always 
be the case.  For example, Cooney (1998:114–115) in an extensive analysis of Irish stone axes has 
identified significant trends in the location (remote peaks) and structured deposition (spatial 
segregation of waste flakes) associated with the production of stone axe heads.  There is clear evidence 
that waste materials were intentionally placed back in the ground (in pits) in rituals related to stone 
working.  Similarly, Witter (2000:57–59) has recently noted that the segregation of activities related to 
ceremonial events causes a relative increase in the proportion of specially crafted finished products 
(such as geometric microliths) in their immediate assemblage.  There is a decrease in the proportion of 
discarded waste to finished (or partially finished) product. 
Ritual sacrifice is characteristically an extremely limited array of very functional or 
specifically made (new) materials.  Finished products, purposely crafted and/or deposited as part of a 
sacred event, such as a cache of ceremonial stones (Walker 1995:77; Witter 1989:2), bronze axe heads 
(Levy 1982:20) or bronze swords (Wait 1985:47).  Such items are found in specifically liminal places 
which were functionally limited (e.g. bogs, rivers, summits, cenotes) as opposed to a place where items 
were stored for safe keeping (cf. Bradley 1990a).  Sacrificial caches, whether accessible or not, are 
always spatially separate and relatively homogeneous deposits. 
Ritual support deposits are most easily identified by what they do not contain rather than by 
what they do contain.  Ritual support deposits are indicated by a significant segregation of activities 
which would normally occur together (or at least with noticeable overlap).  The result is a 
complementary-avoidance type assemblage distribution.  Whereas in a normal a-temporal occupational 
setting one can expect a certain collapse of occupational debris (see  Kvamme 1998), various activity 
assemblages piling on top of each other, in ritual support camps the assemblage’s internal structure 
should be more rigid due to the increased formality imposed by sacred proximity (e.g., Cooney 
1998:110–118; McIntyre 1990:28).  In such instances, normal interactions between members of a 
group become spatially more defined resulting in a relatively more structured artefactual record (e.g., 
Berndt 1974:11; Creamer 1976:7–8; Doolan 1979: 161–168; Renfrew 1985:16–17).  For example there 
is likely to be a more marked spatial separation of the various stages of stone tool manufacture (Witter 
2000:57–60).  In other words, things, which are normally done in relatively close proximity, are 
deliberately (formally) separated when associated with ceremonial activity (e.g. Richards’ and Thomas’ 
1984 assessment of ceramic distributions at Durrington Walls).  (See the following section 3.3.2.2.1.) 
It is likely that religious sites have a complex and relatively light degree of deposit which 
displays a high percentage of finished product, related to limited arrays of activities.  In Australian 
prehistory ritual discard and sacrifice are generally rare (ephemeral), identifiable ritual support deposits 
are more common as they use more materials.  The beautiful thing about using ritual support 
depositions as evidence of religious behaviour is that it allows for people to operate in a day-to-day 
manner, while in a creative response the organisation of their activities alters to conform to the 
perceptual requirements of religious behaviour.  Unfortunately, work in identifying the characteristics 
of ritual support camps is still in its early stages (see McIntyre 1990:28; Witter 2000:57–63).  Because 
of its infancy and importance for this thesis a more detailed example is offered below.     
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3.3.2.2.1  Ritual Support Camps 
Perhaps the best example is a comparison between residential camps representative of general 
occupation and a residential camp representing ceremonial occupation.37
For instance Mathews (1896a, 1897c,f), Berndt (1974:11) and Creamer (1976:7–8)  have 
recorded that all normal occupational activities tend to be performed during ceremonial events 
(cooking, tool maintenance, etc.). They maintain a separate yet proximate relationship, groups 
returning to the same ceremonial places over time and separate themselves and activities accordingly.  
Men’s camps and young initiate camps, where select activities were conducted (such as preparation of 
ceremonial paraphernalia), are located separate from the main domestic camp for the duration of 
  Residential camps in this 
instance are locations where particular groups of people repeatedly carried out the widest range of 
activities.  Over time the intrasite characteristic of these sites tend to collapse such that residential 
camps exhibit a high density and frequency of material with low density background noise – 
concentrations which gradually disperse to light scatters (for local density analyses see Holdaway et al. 
1997:20; Johnson 1984).  An intrasite spatial analysis of residential camps can discriminate between 
activity areas within the camps (e.g., O’Connell 1987, cooking area, refuse areas, etc.) but in general 
residential camps represent a multiple activity area within a single spatial unit.   
Activities located in proximity to residential camps (within one kilometre) are likely to 
represent a wide diffusion of camp activities (various satellite camps) rather than be altogether separate 
from residential sites (cf. Binford 1982:11–14).  People knapped stone everywhere in residential camps 
but perhaps more in some outlying areas than others.  The focus and intensity of residential camp 
activities changes across the space of the site, but all activities are found within the site.  In contrast, 
proximate site activities (satellite camps) although more limited, are simple extensions of activities 
performed across the dominant residential site.  Satellite camps are not for new activities; rather they 
extend residential activities.  Camps located outside a proximate relationship, whether the result of 
foraging or logistic activity, are separate sites altogether and are not part of the primary residential 
camp structure (Binford 1982:7–8).  
In contrast, ceremonial residential camps (CRC) show a stronger formality of artefact 
distribution evidenced through more restricted use of space (see preceding note).  The effect of a 
temporal collapse of artefacts will be significantly reduced, such that the same range of activities 
carried out at standard residential camp will be carried out at CRC only the spatial discrimination will 
be significantly greater (cf. Bradley 2000:53–55, 73; Richards and Thomas 1984:204; see section 
4.7.2).  For example, women’s areas and men’s areas in CRC are likely be spatially partitioned or 
otherwise distinct, more than normal domestic camps (Witter 2000:61).  The blurring of patterns 
associated with standard residential camps is likely to give way to a more structured spatial pattern of 
deposition or well defined clusters of material between the main and satellite camps (e.g., Cooney 
1998:114–115; Witter 2000:61).  The spatial ubiquity of activity associated with standard residential 
camps does not exist in ceremonial camps.  CRC satellite camps will have complementary-avoidance 
style relationship with the main domestic camps 
                                                          
37  For a visual aid see Figures 51 and 52, chapter 7.   Residential camps see: Binford (1982); Ebert (1992); Gamble (1991); for 
ceremonial residential camps see: Berndt (1974:11); Bradley (2000:53–55); Creamer (1976:7–8); Doolan (1979:161–168); 
Mathews (1897c, f); Price (1981:87–90); Witter (1989:1–9, 2000:14). 
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ceremonies.  This has the twin effect of limiting the activities in the main camp and formalising 
activities in the smaller proximate (satellite) camps.  The normal domestic spillage between activity 
areas is not allowed.   
Because CRC activities are only evident through a long time, it is unlikely that the artefacts 
segregated into spatial groups, actually relate to each other (Binford 1982:17–18; Walker 1995:75–78).  
The spatial relationship between artefacts is therefore more diagnostic than the actual attributes of the 
artefacts themselves (cf. Bradley 2000:118; Thomas 1996:164–168; Walker 1995:78).  Certain 
artefacts (whether temporally related or not) tend to group in certain places where other, generally more 
utilitarian, objects are not found (Bradley 2000:118–119).  These groupings of objects are likely related 
to the perception of place they are found (Goode 1951:256; Lawson and McCauley 1990:125).  
Archaeologists trying to identify CRC should test the spatial relationships between object categories 
rather than look for a correlation between artefacts (see chapter 6–7).  Spatial relationships are not 
random, but they can be rather complex in organisation.  In what contexts do some objects seem to 
group while others are absent?  This question is explored in detail in chapter 7.   
 
Interim summary  Ritual deposition results in structured deposits.  This can result from a 
formal organisation of waste or sacrificial materials.  To be archaeologically identifiable, all ritual 
deposits should be in liminal locations, separate from evidence of mundane occupation, yet not in 
secret sacred space (the polar sacred focus point, Figure 5).  One of the diagnostic aspects of ritual 
deposition is the distribution of activities associated with ritual support camps.  Because religious 
spatial behaviour is graduated, the closer a participant is to the sacred focus point the more restricted 
(formal) their activity becomes.  The normal range of activities becomes spatially partitioned with 
some activities grouping where others are absent.  This pattern is evidenced both in the distribution of 
artefacts and in the select array of artefacts. 
 
3.3.2.3  Ritualistic Scale 
Appropriate scale is important in empirically identifying recurrent religious material behaviour 
(Renfrew 1985:15).  Many social behaviours can produce formal discard patterns (Bell 1994:91–94; 
Spiro 1966:96).  Tajzan sporting complexes and Assyrian bureaucratic venues are formally structured.  
Yet in many such cases of prehistory, like the present study of Australian Aboriginal spatial behaviour 
(BMNP) it is possible to discount these social behaviours because there is no support for such 
activities.  It would seem absurd to suggest that a regionally determined structural deposition in 
Australian prehistory was the result of sporting or bureaucratic forces.38
                                                          
38 Stanner (1965a:1–26) for example cites how socio religious forces were the most dominant organising structure within 
Australian Aboriginal society, routinely overriding less significant economic groupings (cf. Knight 1985: 675–687).  
  As in other cases of non-
utilitarian, formal behavioural patterns (e.g., Hill 1995; Knight 1985:685; Wait 1985:47, 81), or 
perhaps in less clear cut circumstances than the present project (e.g., Minoan theatres as noted by 
Renfrew 1985:15) the scale of the pattern is its diagnostic feature.  Religious rituals seem to have a 
certain embeddedness in the everyday life patterns of believers (Renfrew 1994:47), so they will have a 
wide distribution.  Likewise, everyday rituals are likely to be lost in background noise, while rituals 
performed at sacred places (the more extreme end of the sacred continuum, section 3.3.1) are likely 
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part of the foreground structure (Derks 1997, 1998).  Consistency of the formal discard pattern over 
time and space, is the key diagnostic factor for an archaeological identification of specifically religious 
behaviour (Marcus and Flannery 1994:56; Merrifield 1987:185; Walker 1995:72–73).39  Other non-
utilitarian patterns may show formalised repetitive features40
3.3.2.4  Summary 
 but they will not display the size, spread, 
and conservative repetitiveness which are truly characteristic of religious ritual (cf. Knight 1985:675–
687; Lawson and McCauley 1990:120–122; Merrifield 1987:184–195; Rappaport 1999:26–28; Walker 
1995:75–78; Wait 1985:266).  Where it is possible to determine trends in the regional spatial structure 
of material culture (chapters 6–7), the depositional structure associated with religious behaviour will 
become statistically evident at the macro scale. 
 
Religious material behaviour is challenging for archaeologists because although it is conceptually 
polar, it is intrinsically connected with the mundane physical world by its material nature (cf. Renfrew 
1998:2–3).  Archaeologists cannot see the meaning of an object.  What we can do is try to determine 
through its context how an object was perceived.  Five trends are useful guides in reconstructing 
religious material behaviour: 
1. formal and selective array of materials; 
2. trend for increasingly formal graduations between support and ceremonial camps; 
3. trend for increasingly homogeneous graduations between support and ceremonial camps; 
4. trend for a complementary-avoidance style relationship between support and ceremonial  
camps; 
5. trends recurrent enough at a macro scale to allow for a statistically significant identification of 
a process of behaviour. 
 
                                                          
39 Hodder and Orton (1976) have correctly argued that different behaviours can result in similar material patterns.  Formal 
patterns of discard result from a variety of behaviours but only religious behaviour achieves large scale patterns. 
40 Cretan sacred caves as discussed by Tyree (1974) and reviewed by Peatfield (1992) are a good example of likely but 
inconsistent cultic site.  Based on the style of discard and choice of location the cave sites are inferred to be cult shrines.  
However, because the sacrificial and discarded materials can be seen as forming no inter-cave pattern it is difficult to qualify 
them as religious places outside of a cultic status.  Hence the types of deposit suggest religious behaviour but there are too few 
instances to discern a behavioral process. 
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Part III  Attention-Focusing Behaviour 
 
3.3.3  Attention-Focusing 
Religious ritual employs attention-focusing devices to directly stimulate the senses along a specific 
path (Brady and Ashmore 1999:128–132; Derks 1998:200; Edlund 1987:30–43; Mithen 1998:101–102; 
Renfrew 1994a:51).  Neuroscientific research (e.g., Newberg et al. 2001; section 2.3.1), cognitive 
research (e.g., Boyer 1995:629; Pinker 1997:554–560), and comparative studies of religion (e.g., 
Lawson and McCauley 1990:120–122; Wallace 1966:53) have all found that attention-focusing is a 
critical correlate of religious performance.  Devices for focusing attention may be geographic features, 
architectural constructions, or special objects/deposits.  The Dorset Cursus is a classic example of all 
three working in conjunction (cf. Barrett et al. 1991:365–368).  The focusing ability of a site is a 
crucial indicator for religious behaviour as it generally makes the site more distinctive, it demonstrates 
a clear break from the mundane, and most importantly it gives a clear focus (a pseudo-target) for the 
graduated spatial behaviour characteristic of religion (section 3.3.1.3). 
 
 Section Organisation  This third part looks at how archaeologists can quantify the important 
attributes of attention-focusing in order to make them amenable to empirical analysis.  A simplistic 
binary model is offered which allows transparency of approach and comparative analysis (sections 5.1, 
7.2).  A comprehensive example of attention-focusing phenomena in general and as quantified by the 
binary model concludes the section. 
Focusing of attention can be attained through any of the senses, sight, sound, touch, taste, 
smell, all of which have limits in terms of material remains, but among the senses sight is the most 
powerful and easiest to reconstruct (e.g., neuroscience: Georges-Francois et al. 1999; archaeology: 
Peatfield 1992; Renfrew 1994a).  This thesis focuses on sight. 
 
3.3.3.1 Quantitative Focusing 
Quantifying attributes which are more likely than not to represent some sort of aesthetic value is not as 
difficult as one would imagine.  The basic assumption is that perceptions of the environment are based 
on a collective, allocentric, view (section 2.5; Donald 1998:182; Knight 2000:194) which generates a 
similarity of response to environmental conditions (section 3.3.1.2.1; Peatfield 1994:21).  Thus if a 
specific structure (natural or built) has an ability to attract or focus attention it is likely that this is true 
now as well as in the past. 
As discussed in chapter 2, Hermer (1997) has shown people’s interpretation of the 
environment is most influenced by gross variations in the physical structure of the environment 
(section 2.3.2).  Thus the more striking the variation the more effective the memory (cf. Amedeo 1993; 
Feigenbaum and Rolls 1991).  Furthermore psychological research has shown that religious concepts 
are wedded to counter-intuitive features (section 2.3.3; Boyer 1995:628) such that places which 
demonstrate a clear transition (precipices, vistas, platforms) are the most likely to anchor in the mind 
and be reused through time (cf. Mithen 1998:104; Wright 1994:40).  And ethnographic analysis shows 
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that places which exhibit an ability to focus attention (cursus, peaks, cathedrals) are often associated 
with rituals (section 3.3.1.2).  As Bradley notes with regards to Saami sacrificial sites: 
they are nearly all places that seem to be distinguished from the surrounding landscape 
by their striking topography. 
 
However likely it may be, it is impossible to prove that a particular dramatic feature focused past 
behaviours, nor is it possible to prove from location alone that behaviours related to such features were 
religious, yet there is a strong probability that such a place-perception-behaviour correlation did exist.  
Archaeological reconstructions of religious behaviour need to include assessments of probable 
attention-focusing devices in order to determine any likely (macro) trend in the use of such devices.  
Without these it is impossible to objectively or transparently analyse relationships between the ‘natural’ 
environment and archaeological features. 
The best way to achieve this goal is to include generalised environmental attributes in the data 
matrix (cf. Golledge and Stimson 1997:400–405; see section 5.1). (Such a subjective quantification 
could be dangerous if not systematically set out in the data collection phase of fieldwork.  This 
approach is detailed later in chapter 5.)  This approach has the dual benefit of documenting the impact 
of certain environmental features across the entire region (and not just locations selected for intensive 
interpretation) and facilitates a test of variations in the relationship between archaeological features and 
environmental features (such as attention-focusing attributes, e.g., see sections 6.4.3, 6.7.1, 6.8.1, 7.2).  
While it is not possible to determine the meaning of a prominent mountain or a 300 m precipice it is 
possible to determine that such obvious scenes may either be the focus of attention or cause attention to 
be focused (e.g., Bradley 2000:87; Cooney 1998:110; Patton 1993:25).   
In binary quantitative terms, like the ones used in this project (section 5.2), this can be 
expressed as a positive value (1) rather than a negative value (0) (see appendix A).  Identified features 
should be clearly obvious to any observer (e.g., Edlund 1987:46–47).  For example, ‘Is a site situated in 
direct visual alignment with a prominent geographic feature?’ or ‘Is a site near a precipice?’  Such 
things can be rigorously defined.  In this manner it is possible to quantitatively capture some sense of 
the aesthetically charged connection existing between archaeological features and the environment (cf. 
Kiel 1995); an apparent necessity for the identification of religious behaviour (section 2.4).  
 
3.3.3.1.1 Focusing Power of Mount Tlaloc 
Townsend’s (1991) work on Mount Tlaloc in the Valley of Mexico is a good demonstration of the 
range and ability of attention-focusing features in an archaeological context.41
At the inter-mountain level, Mount Tlaloc is a prominent part of the Ixtaccihuatl and 
Popocatepetl chain of volcanic mountainous peaks facing into the Valley of Mexico and most notably 
  From Townsend’s 
(1982, 1991) surveys of Mount Tlaloc, it is obvious that both environmental and artificial features are 
employed to focus the attention of prehistoric participants (cf. Broda 1991).  Even today, once you 
stand on top of the mountain you know precisely where to look.   
                                                          
41 Townsend's (1991) work following earlier investigations by Wicke and Horcasitas (1957).  For general comparison of 
attention-focusing research in mountains compare Townsend’s work with: Barnatt (1998); Brady and Ashmore (1999); Derks 
(1998); Edlund (1987); Peatfield (1987, 1992, 1994); Rutkowski (1986); Schele (1995); Vogt (1992); or in Australia see Arndt 
(1962); Berndt (1969, 1974); Creamer (1984). 
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the Aztec capital Tenochtitlan in Lake Texcoco.  And, as expected in terms of ritual geography (section 
3.3.1.2) Mount Tlaloc is not the highest peak in the chain of mountains, but it has a functional ovoid 
plateau (a large and flat open area suitable for large gatherings of people) and is well situated visually, 
due east of the Temple Mayor, from Tenochtitlan.  Thus the mountain is separate and distinct from the 
inhabited valley, while at the same time catering to requirements of ritual organisation in terms of 
functional space (e.g., the hospitable flatness of the plateau and the mountain’s proximity to habitation 
exhibit a certain degree of rational determinism).  The mountain is liminal, counter-intuitive, and an 
unusually rational choice.  
At the intra-mountain level, the most striking attention-focusing feature of Mount Tlaloc itself 
is the remains of a long processional way on the plateau consisting of a three metre high walled 
corridor and rectangular enclosure.  As Townsend (1991:29) describes: 
In ancient times the visitor would have seen nothing but the interior landscape and the 
sky.  Only upon reemerging from the long processional way would the sweeping view of 
the central highlands be visible.  It seemed, therefore, apparent that this relationship 
between interior and exterior space was manipulated as part of the iconography 
[attention-focusing] of the site. 
 
Both environmental and architectural features were well utilised in a very structured attempt to define 
the importance of Mount Tlaloc at the inter-mountain, mountain, and intra-mountain levels (cf. Barrett 
et al. 1991:36–53).  The journey from bottom to top itself augments the experience.  Processional 
qualities (sequential graduations) are important in focussing the ritual event (e.g., Barnatt 1998:96; 
Derks 1998:200; Loveday 1998:21; cf. Barrett 1994: 13–20; Bradley 1993:47–57; Thomas 1993:28–
44). 
Even within the rectangular enclosure, on the plateau on top of the mountain, there is further 
refinement (graduation) of participants’ attention, where boulders located at inter–cardinal points 
converge on a central position.  Townsend (1991:28) believes, (based on historical material), this spot 
will yield a shrine on further investigation and excavation.  Careful focusing increases the visual impact 
features can express.  (With the current knowledge of the mountains archaeology and geology, a shrine 
at the base of the mountain will not be as visually influential as one precisely situated on the 
mountain’s plateau.) 
 The natural features of Mount Tlaloc are important influences in directing attention towards 
the mountain itself (Broda 1991; cf. Bradley 2000; Tilley 1994).  On the ground I found these visual 
aesthetic features were even more powerful on top of the mountain, so much that I concur with 
Townsend (1991:27) in his interpretation that the artificial constructions were erected to keep the 
attention of participants firmly focused on the mountain itself and not wander off.  It is clear that the 
mountain and the mountain’s constructions were funneling attention towards a critical point (cf. Brady 
and Ashmore 1999:128–138).  Various levels of natural and artificial constructions were effectively 
channeling attention in some manner related to the archaeological features.   
Using the Mount Tlaloc example it is probable that the focusing features of each level, inter-
mountain, mountain, and intra-mountain, positively influence the macro site perspective.  In 
quantitative terms archaeological sites situated leading up to and on top of Mount Tlaloc could be given 
specific positive indicators of attention-focusing.  For example, ‘Is a site situated in direct visual 
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alignment with a prominent geographic feature?’ and ‘Is a site situated in accordance with a secondary 
topographic feature (e.g. cardinal boulders)?’  All sites on Mount Tlaloc would be given a ‘1’ for the 
first question and those sites situated on the plateau would also be given a ‘1’ for the second question.  
In contrast sites situated in valleys are in general likely to be given ‘0’ for both questions.  In doing so 
this approach creates a new way to compare site data, one which incorporates important aesthetic 
principles.  Thus even if all the assemblages on and off the mountain were similar it would still be 
possible to discriminate between them, or (as is more to the point) variation in the assemblage may be 
understood in relation to the ability to focus attention.  
 
3.3.3.2  Summary   
What all this means archaeologically is that if natural or artificial features express an obvious ability to 
heavily influence attention then it is probable that they did so in the past and should be classified as 
such (cf. Bradley 2000).  And the most obvious features are the most likely to influence human 
perception.   
In statistical terms a quantification of attention-focusing features should form a separate 
category of variables, to allow for an independent measure of its general influence.  The phenomenon 
of religious recurrence is strongly connected with the ability for attention-focusing.  Therefore it is 
critical that any reconstruction of religious behaviour should model probable correlates of attention-
focusing. 
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Part IV  Selective Iconographic Behaviour 
3.3.4  Iconographic Cues 
Examination of the phenomenon of religious recurrence has found that supernatural beings are often 
associated with specific iconography, whose significance is most often opaque to the uninitiated (Boyer 
1994:21,57; Lawson and McCauley 1990:54; Rappaport 1999:54–58; Wallace 1966:66–67; cf. 
archaeology: Knight 1985:677–679; Wright 1994:58–59).  Because concentrated religious behaviour 
represents restricted physical space (section 3.3.1) the display of knowledge about deities is restricted 
both physically and conceptually (e.g., Strehlow 1947, 1970, 1978); it is generally clinal in distribution 
(cf. Parkin 1991).  As religion is fundamentally concerned with the integration of social groups (e.g., 
Rappaport 1999; section 2.5) related stylistic behaviour should conform to a simple standard, being 
predominately homogeneous and abstract rather than individualised and precisely stated (cf. Wobst 
1977:328; Lawson and McCauley 1990:5, 171).  Religious iconography at its core is abstract, 
ambiguous, homogeneous, and clinally distributed. 
A caveat is necessary to describe what is meant by ambiguous iconography.  There are two 
levels of significance.  First at the general level religious iconography will relate a clear conservative 
message of segregation to its general audience through form and distribution (Wobst 1977 below), 
however at the same time the nuances of the message will remain hidden to the uninitiated, making the 
precise message unclear.  Thus on the one hand the general audience will know the type of message but 
remain uncertain as to the exact detail.  People may be aware something is ritually important, but they 
may not understand the coded specifics.    
Iconographic cues for the identification of religious phenomena are best dealt with by thinking 
of each cue as transmitting or invoking a generalised message (see section 2.5).  Iconography in this 
section pertains to the study of all artistic images or forms (paintings, drawings, engravings, lithics, 
etc.).  This thesis is only interested in identifying broad or gross artistic division.42  ‘Style’ refers to an 
accumulated set of characteristics of icons.43
 Section Organisation  The aim of this fourth part of the model is to establish some of the 
archaeological correlates related to religious iconography.  The first section reviews Wobst’s (1977) 
analysis of ‘stylistic’ behaviour.  This then forms the basis for two approaches for archaeologically 
  There are many sets of characteristics, this section is 
most concerned with the set that relates to religion.  ‘Stylistic’ analysis offers archaeologists 
interpretive information based solely on the ‘styles’ themselves (e.g., Alexander 1979:219–220; Gunn 
2000:1–12; McDonald 1994, 2000a; Smith 1992; Wright 1994:58–59).  ‘Stylistic’ differences mark 
changes in cultural norms (Price 1981:83).  Messages function differently depending on how they are 
distributed, how common they are, and what form they take, what they mean to the sender, how 
garbled they get in the transmission, coding, and decoding, and the receivers capacity to take them on 
board, like all communication.   
                                                          
42 In this approach, for example, ornate crosses and wooden crosses would be considered equally.  Once general divisions are 
established it may be possible for future researcher to identify variations based on attribute status. 
43 Style and stylistic strictly refers to those attributes of artefacts which refer to the time and place of making.  Wobst (1977:323–
330) extended this interpretation to include a certain level of intentionality (unrecognised but intended) in the making (see Spiro 
1966:109; chapter 2, note 14).  This use is indicated by the use of single quotes: ‘style’ and ‘stylistic’. 
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identifying ‘stylistic’ behaviour; the first of these is related to distributional and ‘stylistic’ trends in 
stone tools (Gero 1989) and the second is related to trends associated with rock-art (McDonald 1994). 
 
3.3.4.1  ‘Stylistic’ Behaviour 
Wobst’s (1977) study of ‘stylistic’ behaviour and information exchange is perhaps the classic example 
of material objects’ ability to transmit social information.  He finds that ‘style’ is very sensitive to 
general changes in cultural variables while it actively supports various cultural processes related to 
differentiation and conformity of behaviour (ibid.:335).  Wobst identifies ‘stylistic’ characteristics for 
material objects (4 part summary below), which allow interpretations to go beyond simplified 
utilitarian approaches.  He highlights the functional matrix of ‘stylistic’ behaviour as reflecting a 
surprisingly small array of information types likely to be transmitted by ‘stylistic’ messages and shows 
why homogeneous ‘styles’ are more effective than heterogeneous styles.  Clinally distributed, 
homogeneous ‘styles’ are likely to be the most powerful and precise ‘stylistic’ messages (ibid.:323–
329).  Such messages equate nicely with the current understanding of recurrent religious iconography 
(section 3.2).   
According to Wobst’s (ibid.:323) there are six general information relationships most directly 
related to variations in ‘style’:  emotional state, identification, ownership and authorship, pre- and 
proscription, religious and political objectification, and deictic messages.  These refer to very simple 
types of message transference such as presence or absence.  The more standard and simple a message 
is, the more likely it is to be reproduced and succeed (section 2.5). 
Wobst (1977:323–328) next identifies a functional matrix for ‘stylistic’ behaviour which 
indicates that people who are socially similar but physically distant constitute the most efficient 
‘stylistic’ network (stress reduction, speed of transference).  He notes that simple, repetitive 
(homogeneous) ‘styles’ are the most effective for conveying ‘stylistic’ messages, where there is little 
evidence to support the ‘stylistic’ transfer of messages within close knit groups or between very distant 
groups (ibid.:326; cf. Boyer 1995:633) where heterogeneous individual ‘styles’ are concentrated.  
Because all artefacts carry ‘stylistic’ information a simple redundant approach will limit the 
misinformation artefacts could transmit (Wobst 1977:326).  ‘Stylistic’ messages are most appropriate 
and likely to occur where related but distant social groups are either integrating (forming a bond) or 
differentiating (forming a border).  
In such relationships, unique ‘styles’ relate to individual status or rank.  Such heterogeneous 
‘styles’ are simple and unambiguous in order to demonstrate differentiation from the norm.  In contrast, 
conformity of ‘style’ relates to the integration of the social group.  Such homogeneous ‘styles’ are 
simple and abstract allowing for the easy recognition of derivation from the ‘stylistic’ standard 
(ibid.:327–328).  
In a prediction of ‘stylistic’ form Wobst (ibid.:330) identifies a four part model related to a 
basic relationship between distribution, function, and style (cf. Kuper 1973).  Wobst summarises these 
expectations of ‘stylistic’ behaviour as: 
1. those artefacts are more appropriate for ‘stylistic’ messages (regardless of other 
articulation) which are more visible, which enter more information exchanges, and which 
are potentially encountered by more individuals; 
 
CHAPTER 3 - Model  Part IV Iconographic Indicators 83 
 
2. those specific ‘stylistic’ forms will have the widest distribution that are affixed to 
artefacts which are the most visible and the most accessible to other individuals; 
 
3. specific ‘stylistic’ forms will be clinally distributed within and between social units if 
they are seen only by relatively small numbers of individuals; 
 
4. social-group-specific ‘stylistic’ form should occur only among those messages that are 
most widely broadcast, that broadcast group affiliation, and that enter into processes of 
boundary maintenance.  
 
Of particular importance for this thesis is that certain ‘stylistic’ forms of artefacts which exhibit a 
restricted (clinal, boundary) distribution and display a relative homogeneity are likely to be related to a 
distinctive ‘stylistic’ behaviour (points 3 and 4).  This particular distribution and artefact association is 
identical to the expected graduated spatial distribution previously identified as characteristic of 
religious behaviour (cf. Parkin 1992; section 3.3.1.3).  Later in this fourth part McDonald’s (1994) 
analysis of Sydney basin rock-art is reviewed where relative homogeneity and clinal distributions of 
rock engravings are shown to equate strongly with a probable religious based general relationship 
between the distribution of various ‘stylistic’ forms and the functional matrix consistent with Wobst’s 
predictions.  Religious behaviour parallels clinal and homogeneous ‘stylistic’ behaviour.   
In more general terms, the differentiation noted by variations in the distribution of visual cues 
can be seen as compliance with a cultural norm related to generalised variations in perception.  
Within a cultural matrix, people organise their cosmos to make sense of it and the different distribution 
they create will reflect these relative perceptions.  The very fact that some artefact ‘styles’ are found in 
opposition to other ‘styles’ indicates distinction, the maintenance of this discrimination over time 
indicates a conformity to general assumptions regarding ‘style’, a group level activity which is 
effectively communicating a simple message (section 2.5).  Successful clinally distributed ‘stylistic’ 
messages are simple and abstract as unambiguous messages are unlikely to differentiate through time 
and space (cf. Bradley 2000:71–76). 
One additional point is that the ‘stylistic’ behaviour of common visible items, such as stone 
tools, is related to a social continuum.  If particularly ‘stylised’ examples of common items are to 
communicate ‘stylistic’ messages within a society there needs to be continuity in the way these are 
expressed (either in actual physical form, or distributional features) such that substantial deviation from 
the expression of the ‘stylistic’ message will render any potential communication as misinformation 
(Wobst 1977:329).  For common items to be capable of communicating through ‘stylistic’ behaviour 
the systemic division associated with the ‘stylistic’ behaviour needs to be standardised across a group.  
This idea is explored below in Gero’s (1989) analysis of the potential social information exhibited by 
stone tools.  
In sum Wobst (ibid.:337) shows archaeologists that ‘stylistic’ behaviour is dependent on 
message content, visibility, the social context of artefacts, and the cultural matrix.  ‘Style’ is indicative 
of behaviour in specific contexts and form.  ‘Stylistic’ behaviour principally operates at the distant 
social group level which means general variations in ‘style’ relate to basic sociocultural categories (six 
listed above, one being religion).  Thus variations in ‘style’ are indications as to message content, for 
example homogeneous ‘styles’ indicate conformity and integration, heterogeneous ‘styles’ indicate 
specificity and differentiation.  Archaeologically, as Wobst (ibid:337) concludes, variations in ‘style’ 
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are related to general differences in sociocultural relationships and are in themselves limited in 
occurrence within material culture and are likely to be found only in a holistic examination of the 
material cultural matrix they form a part of.   ‘Stylistic’ differences which are operating in an efficient 
functional matrix are likely indicators of generalised variations in behaviour; such ‘stylistic’ differences 
as explanandum will be realistically visible through a systematic analysis of the sociocultural matrix 
(e.g. section 6.8).   In short, differences in ‘stylistic’ behaviour indicate variation in sociocultural 
behaviour but in order to see them archaeologically it is important to look at the distribution of 
‘stylised’ variation across material culture (chapter 6). 
 
3.3.4.1.1  Information Technology of Stone Tools 
Wobst’s ideas work well in theory and within the confines of his own model, but they should be 
examined against a less abstract example.  Gero’s (1989) application of Wobst’s model to stone tools 
offers useful insights.   
Stone tools, like all artefacts, are not simply plebian artefacts created by a passive group of 
people solely for economic reasons.  Stone tools are also social implements which underscore social 
relationships.  While the technological interpretation of stone tools has proven most useful in numerous 
subsistence and economic interpretations of prehistoric archaeological material it is not the only way of 
understanding their use.  Stone tools are often difficult to squeeze for social information, but within 
limits they do offer clues as to the structure of complex societies. 
 This idea has been looked at on a theoretical scale by Hodder (1982), Edmunds (1995), 
Cooney et al. (1995),  Hampton (1997), Cooney (1998), Bradley (2000) and on a small scale by Isaac 
1977), Gero (1989), Taçon (1991), and the Pétrequins (1993) amongst others.  Theoretically, in 
complex societies social boundaries are well defined and the role each individual plays is segregated.  
It is this multi-level social structure which defines a complex society and needs some sort of multi-level 
material structure, constructed or natural, to allow for the tangible expression of social differences – 
social organisation.  This thesis is interested in how stone tools can reflect these differences. 
 Following from Wobst’s macro model, this section uses Gero’s (1989) micro example for 
assessing the probability of stone tools’ transmission of social information.  Gero describes five 
characteristics of material objects related to their application as material information exchangers.  In 
accordance with Wobst’s (1977:329) prediction for common artefacts, each of these characteristics is 
described as an axis (continuum) with polar extremes and an array of probability between them relating 
to an object’s information exchange potential (Gero 1989:93).  According to Gero (ibid.:93–94) there 
are five characteristics relating to a stone tool’s ability to relate social information.  Each of these 
characteristics has a range of possible outcomes, from the highly applicable for information exchange 
to the highly unlikely for such exchanges.  The five axes are: 
1. Rarity of raw material – extremely rare to common. 
2. Artefact size or visibility – large to small, within a specified artefact class. 
3. Artefact longevity – a long life to a short life. 
4. Number of production stages – multiple stage to a single stage. 
5. Restrictiveness of production – restricted production to no restriction on production. 
 
According to Gero’s interpretation the more rare the material a stone tool is made from, the larger the 
artefact is, the longer its lifespan, the more production stages, and the restrictiveness of the production 
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itself all equate to highly ‘stylised’ objects capable of transmitting social information (i.e., the more bits 
of information a tool exhibits the more likely it is to have a social function).  This means that the 
distribution of BMNP lithics such as Bondi points, geometric microliths, and edge ground axes are 
related to social rationales as well as energy rationalisation.   
 Gero applies the five axial characteristics to a case study of Huaricoto (Peru) stone tools, 
which yields some interesting results.  According to the analysis, the majority of flaked tools in her 
study displayed a low probability for transmitting social information as they coincided strongly with 
the poorest extreme of the axis for encoding material (ibid.:103).  Stone hatchets, bifaces and projectile 
points, on the other hand, showed a high probability for transmitting social information as their 
placement on the axial characteristic was at the stronger end (ibid.).  
 Two important points in Gero’s study are congruent with Wobst’s (1977) model and other 
assessments of social information associated with stone tools.  First, only stone tools at the more 
extreme end of the social-material continuum (Gero’s axes) which are also highly visible, are capable 
of carrying ‘stylistic’ messages.  Second, specifically ‘stylistic’ behaviour among those objects which 
are suitable in terms of axial expression only happens when such objects demonstrate a social 
continuity, where distribution and the specific expression of ‘stylistic’ form are uniformly expressed 
across an entire group (random variations are acceptable according to Wobst 1977:329).  The use and 
iconographic attributes of common objects must maintain consistency across a social group if they are 
to communicate ‘stylistic’ behaviour.  Thus, significant social variation in the distribution of ‘stylised’ 
stone tools should be evident at the macro scale.  
 Gero’s study is useful because it develops the likely characteristics of stone tools which relate 
to their ability to underwrite social relationships.  This insight proves useful in the analysis of BMNP 
lithics (chapter 6).  Variation in specific ‘styles’ of stone tools may be diagnostic of variations in the 
social organisation of a group and not simply a mundane technological distribution (although this is not 
to say the two types of association are unrelated, see section 6.6.1).  The most critical point is that if 
stone tools are to underwrite social relationships they must be consistent in application and 
unambiguous in form, but as the use of common items only relates to a specific social context  (one 
group) such restrictions apply only within the group and not necessarily across boundaries between 
groups, where a new attribute system may apply.   
 
3.3.4.1.2  Place and Homogeneous and Heterogeneous Cues 
This second example explores the portion of Wobst’s (1977) model related to the distribution of 
‘styles’.  To do this it looks at the distribution and basic form of rock-art as it relates to a probable 
association with religious behaviour – some rock-art types being relatively frequent and others rarer.  
According to Wobst’s (1977:329) model ‘stylistic’ forms which are clinally distributed indicate a 
restricted or small viewing audience.  And heterogeneous forms indicate likely individualistic 
tendencies, while homogeneous forms indicate communal or integration tendencies (ibid.:327).  
Simple, conservative, and abstract ‘styles’ have the widest functional matrix (ibid.); they can 
potentially include the most distant peoples, even across normal ‘stylistic’ boundaries; however a 
consistent clinal distribution of these ‘stylistic’ forms acts to decrease the potential viewing audience.  
The result in terms of ‘stylistic’ behaviour is that homogeneous forms which are clinally distributed 
CHAPTER 3 - Model  Part IV Iconographic Indicators 86 
 
indicate precisely the ‘stylistic’ organisation of the cultural matrix which is related to religious 
behaviour.  They are concerned with integration and conformity, they are abstract and simple, and they 
are restricted to a relatively concentrated spatial distribution. 
Luckily for archaeologists seeking to identify religious behaviour, the meaning of the 
information being transmitted is not as important as being able to recognise its transmissibility (cf. 
Mithen 1998:100; Wobst 1977:317–319).  It is not necessarily to know what the message is, only the 
type of message it is and to recognise the dimension of variation (cf. Clegg et al. 2001). 
An example of identifying ‘stylistic’ variation in rock-art iconography is McDonald’s (1994) 
dissertation into the use of ‘style’ as a means of identifying different social uses of space in the Sydney 
Basin.44  While most of her research focused on identifying social group boundaries, as evidenced by 
‘stylistic’ similarities and dissimilarities, part of her work focused on exploring topographic duality 
(e.g., high/low) in an investigation of likely public verses private space associated with rock-art.45  In 
an interesting result McDonald found that public areas (primary subsistence areas) contained the most 
pigment art which was predominately heterogeneous in form, while private areas exhibited the bulk of 
the engravings and were homogeneous in form (ibid.:344).  Add to this the fact that the pigment art 
was generally associated with general domestic occupational material while the engraved art was not, 
indicated to McDonald that the two art assemblages were likely associated with different ‘stylistic’ 
behaviours. 46
                                                          
44 Compare Gunn’s (2000) analysis of Arrernte rock-art; Knight’s (1985:677–679) analysis of motifs variation; Wright’s 
(1994:58–59) analysis of decorative columns; Morphy’s (1989, 1991) analysis of Yolunga geometric art. 
45 As Bradley (2000:39) has commented, the location of rock-art is in itself particularly revealing as it is specifically made for the 
place it is found.  In this manner rock-art is very much unlike portable artefacts (e.g., stone axes).  Strict uniformity between 
‘stylistic’ information may prove less useful in an analysis of landscape (i.e., dynamic processes) than understanding the position 
of rock-art in the wider region (Bradley 2000:68; Gunn 2000:1–7). 
46 Bradley (2000:71) also notes a similar division for European rock-art with abstract art more likely to occur in remote areas and 
Naturalistic designs more likely to occur in higher occupational settings. 
  In following Wobst (1977) this would make the pigment art related to individual social 
units and the engraved art related to cohesive behaviours, like religion, operating across social units. 
McDonald’s (1994) analysis demonstrated that the topographic social context of economically 
rich estuarine, foreshores, and gentle slopes (public areas) offers a different social context than 
economically challenged ridgelines and plateaus (private areas).  To investigate these differences, 
McDonald scored rock engravings within a single area in a correspondence analysis and found that 
while motif selection was similar between elevated and low lying sites the ‘style’ of these motifs was 
significantly different (ibid.:229–234).  Elevated sites were significantly more homogeneous (ridgetops 
45%, hillslopes 48%) in terms of style than low lying sites (valley bottoms 36%) (cf. Smith 1983). 
In addition, according to McDonald (ibid.:350) the simple fact that the homogeneous 
engravings were located on the principal transit routes, connecting relatively distant social groups, 
indicates that the ‘stylistic’ behaviour was relating to different social groups.  This is consistent with 
Wobst’s (1977:329) principles for ‘stylistic’ behaviour where ‘stylistic’ forms viewed by relatively 
small numbers of people distribute clinally and in a homogeneous form across social units.  This 
indicates a bonding process rather than a bounding behaviour (McDonald 1994:344).  In short 
McDonald’s findings indicate that elevated engravings were probably representative of some sort of 
specific social behaviour (cf. Bender 1989:87–92).  Later, McDonald (2000a:61) argues that these 
select sites are likely related to ceremonial behaviour: 
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If these sites did function as ceremonial sites, involving the cooperation of participating 
neighbouring groups, it might be expected that the overriding aim of this art’s 
production was to maintain broader scaled group affiliation.  A more homogeneous art 
form is arguably more culturally fettered. 
 
McDonald’s (1994) analysis demonstrated that by analysing variation in rock-art it was 
possible to elucidate some potential indications as to how past people in the Sydney Basin organised 
themselves within social units and between social units.  It is important for this thesis because it shows 
that variations in ‘stylistic’ form and behaviour related to rock-art can be usefully interpreted as 
indicating vastly different social and cultural behaviours.  The pigment art is related to more localised 
and domestic group behaviour and the engravings represent a more wide scale but selective inter-group 
cohesive behaviour.  Analysing variations in rock-art then is a useful way of determining attitudes 
towards different places, such as one place being sacred and another being mundane.  Moreover, as the 
‘stylistic’ features of the engravings (abstract, homogeneous, clinal) are also the features of 
iconography associated with ceremonial behaviour it is likely that some such engravings are the result 
of generalised religious behaviour.   
  
 
3.3.4.2  Summary 
‘Stylistic’ behaviour is but one part of a cultural matrix, however as it is strongly influenced by social 
interactions it proves to be a useful tool in gauging differences in generalised behaviour.  Religion is 
one of these general behaviours.  Analysis of recurrent religious iconography finds three principal 
‘stylistic’ tendencies related to religious behaviour: abstract and ambiguous in form, homogeneous 
associations, and clinal distributions.   
Two categories of archaeological information pertinent to this project were briefly examined 
in relation to these ‘stylistic’ tendencies.  Utilising Gero’s (1989) axial features it is possible to 
determine the potential for certain types of stone tools to underscore social relationships.  Once a 
potential has been determined, evidence of a consistent distributional trend makes it likely that the tools 
themselves are indicating variation in a social behaviour.  Certain ‘stylistically’ endowed stone tools 
may be related to principal social strategies like ceremonial gathering.  Thus it may be beneficial to 
analyse such tools for consistent evidence of non-technological relationships (such as a proximity to 
selective topography or specific types of rock-art, see chapter 6) when reconstructing social behaviours 
such as religion. 
 McDonald’s (1994) analysis demonstrated that rock-art can indicate variations in ‘stylistic’ 
behaviour.  Analysing the level of relative homogeneity/heterogeneity and related distributional 
patterns is likely to indicate how public or private (mundane or sacred) a specific ‘stylistic’ trend may 
be.  And as such patterns are strongly related to religious behaviour, it is imperative that any 
reconstruction includes these assessments. 
Variation in ‘styles’ offers clues about variation in perception.  This section has shown that 
significant continuity of potentially ‘stylistic’ artefacts offers indications of changes in behaviour 
within a social group.  Likewise homogeneous and clinally distributed ‘stylistic’ artefacts indicate a 
restricted audience which is potentially participating in the process of integrating distant social groups.  
What I think will prove most fruitful in the identification of religious behaviour in this thesis is where 
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both indicators of ‘stylistic’ variation point towards similar places.  Such places will be the strongest 
evidence of ‘stylistic’ behaviour.  As sacred space is arguably the most polar expression of separation 
within a society (section 3.3.1) it is likely that they will dominate the ‘stylistic’ behaviour. 
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3.4  Indicator Model of Australian Prehistoric Sacred Space 
 
It is assumed that some behavioural elements of sociocultural systems have material 
correlates; if they are incorporated in the archaeological record, such residues may be 
used to develop inferences about the behaviours with which they were associated. 
(Kramer 1979:1) 
 
This chapter has made assumptions about the past in order to try to understand past behaviour.  
Because these assumptions are influenced by often conscious and unconscious ideas about what that 
past should look like it is necessary to place these ideas into a coherent model (table below).  The 
model assumes a certain level of generality focused at identifying relationship trend, the big picture, 
rather than overtly specific meaning.  Once archaeologists have some idea of the attributes which 
identify religious behaviour, it is possible to undertake a regional analysis of archaeological features 
(chapter 4-7) with the aim of attempting to identify past behaviour related to the religious process, if 
such a pattern should develop.  Using the model it is possible to actively test for correlates of religious 
spatial behaviour rather than simply interpret general results.  This systematic approach allows for 
future comparative analysis and increases the chances of a clear result because it is actively seeking 
specific information (rather than passively interpreting).  
The following indicator model outlines the core features and attributes related to sacred spatial 
behaviour.  Consideration in the construction of this model was given for the unique circumstances 
related to the BMNP Project (chapter 4).  The specifics associated with individual indicators help form 
the basis for selecting variables used in constructing the BMNP data matrix (chapter 5).  The 
environmental and archaeological features used as variables are discussed in chapters 4 and 5 the 
design of the matrix is discussed in chapter 5. 
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Table 6:  Indicator model of sacred spatial behaviour. 
Indicator Model of Australian Prehistoric Sacred Space 
Religious or sacred space in Australian Prehistory is different from mundane space in the following manner: 
Spatial 
Indicators 
• Liminal and Separate – religious spatial behaviour is founded on a sacred continuum 
where the more sacred is segregated from the mundane through a liminal zone.  
Distinctly sacred places will differentiate themselves as they will clinally separate away 
from the normal distribution of activities. 
 
• Liminal Geography – The ostensive nature of religious activity and its need for 
objectification means that religious behaviour is closely aligned with geography.  The 
nature of religion means that geography which generates a perception of segregation, but 
at the same time allows for reaggregation, will most easily associate with religious 
concepts.  These geographic features are: 1) places of transition; 2) distinctive places; 3) 
places which focus attention; 4) places which combine the three preceding attributes with 
a rational ecological determinism.  
 
• Graduated Spatial Behaviour – Sacred spatial behaviour is a process of movement, a way 
of doing things.  The result is a phasal movement in activities as participants pass 
through the necessary ritual stages.  The movement is graduated in focus, building 
towards a ritual focus point. 
 
Material 
Indicators 
• Formal and selective array of materials. 
 
• Trend for increasingly formal graduations between support and ceremonial camps. 
 
• Trend for increasingly homogeneous graduations between support and ceremonial 
camps. 
 
• Trend for a complementary-avoidance style relationship between support and ceremonial  
camps. 
 
• Trends recurrent enough at a macro scale to allow for a statistically significant 
identification of a process of behaviour 
 
Attention-
Focusing 
Indicators 
• Clearly quantifiable (presence or absence) aesthetic values (geographic, architectural) 
function to attract or direct participants attention, and is a critical feature of religious 
behaviour.  Relationships between the material cultural matrix and sources of aesthetic 
influence need to be identified on a regional scale to determine significant trends. 
 
Iconographic 
Indicators 
• Religious iconography is abstract and ambiguous in form, homogeneous in association, 
and clinal in distribution. 
 
• Trends in the distribution of potentially stylistic stone tools are likely to relate to 
variations in social behaviour.  Stylistic potential can be determined by evaluating: 1) 
rarity of raw material, 2) artefact size or visibility; 3) artefact longevity; 4) number of 
production stages; 5) restrictiveness of production. 
 
• Homogeneous and clinally distributed rock-art (or similar iconographic forms) can be 
seen to relate to the restricted integration of social groups, a pattern strongly associated 
with religious behaviour. 
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CHAPTER 4 - Backgrounds 
This chapter reviews the regional environment, archaeological history and ethnographic context of the 
BMNP Project.  The BMNP Project was designed as the application portion of this thesis.  The aim is 
to investigate the current vague generalisation that a substantial portion of the Blue Mountains’ 
archaeological sites were ceremonial places (see intro. part IV).  In order to do this it is necessary to 
understand the background for the BMNP region to determine appropriate variables for the analytical 
portion of the thesis (chapters 6–7).  This chapter synthesises the material necessary to understand the 
analysis presented in the remaining chapters. 
The chapter is organised into two parts, each with an independent summary.  The first part 
(sections 4.1–4.5) outlines the BMNP environmental and archaeological background.  The first section 
(4.1) reviews environmental factors which influence the region’s archaeological record.  Rather than 
constructing a complete environmental model, it highlights specific features which are important for 
understanding the region’s unique character.  The next sections (4.2–4.4) outline the region’s 
archaeological history.  Some discussion regarding the flavour of the region’s archaeological research 
is offered, but this second portion of part one is primarily descriptive rather than historical in context.  
A basic model (section 4.5) combining environmental and archaeological features concludes the first 
part.   
The second part (sections 4.6–4.8) discusses the general ethnography for the BMNP region 
and contains a more focused review of the pertinent religious ethnography.  The goal is to generate a 
general and regional understanding of religious behaviour. 
 
Part I  Environment and Archaeological Backgrounds 
4.1  Geomorphology, Ecology and River Systems 
Macro Geology  The macro regional structure containing the Blue Mountains is known as the Sydney 
Basin (Figure 7).  The basin is defined by mid-Permian formations covering an area of roughly 36,000 
km2 stretching some 380 km along the coast from Newcastle south to Batemans Bay and with a 
western limit following the Lachlan Fold Belt running between Lithgow, Kanangra Walls, and Tallong 
(Figure 7).  Within the basin there are four sub areas.  The Blue Mountains is in the Western Area.  The 
Western Area is further refined to what is termed the Blue Mountains Plateau.  The geographic limits 
and structure of the plateau are generally well defined: the northern limit following the Mt Coricudgy 
Anticline (generally congruent with the Colo River), bordered on the east by the prominent Lapstone 
Monocline (roughly congruent with the Nepean River), in the south by less well defined warping 
(generally congruent with the Coxs River), and stops in the west along the Lachlan Fold Belt (Coxs 
River).  The study region is smaller than the plateau itself, with the BMNP Project encompassing 
approximately 1200 km2, the portion examined here has rough boundaries running clockwise: Mt. 
Wilson, Nepean River, Warragamba River (now Lake Burragorang) and the Coxs River (Figures 8 and 
9). 
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Figure 6:  Map of the BMNP Project study region with main roads, principal rivers, main towns. 
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Figure 7:  Sydney basin major geological structural units (after Bembrick et al. 1973). 
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Figure 8:  Southern Blue Mountains Plateau major geological structures (after Pickett 1997). 
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Figure 9:  General elevation relief of the BMNP study region with main roads. 
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All of these geographic divides are structurally evident in the topography and hydrology.  The 
technical borders are obvious divisions in the land.  The Blue Mountains themselves do not cover the 
entire plateau, but similar topographic features exist throughout the plateau so that the plateau can be 
considered a single structure.  For example it is common for western sections of the plateau to be 
dissected by deeply incised canyons with near vertical walls.  The study region is the southern quarter 
of the plateau within the Blue Mountains.  This region between Lithgow and the Warragamba Dam is 
the narrowest section of the plateau and is a natural connection between western structural systems and 
the interior Sydney Basin; especially the Central Area and Cumberland Basin, both of which are more 
difficult to access from the north or south.  The whole area is heavily dissected and difficult to travel 
across.  The only western passage out of the Cumberland Basin is through the Blue Mountains.  The 
central divide of the mountains, the principal east-west ridgeline, which the Great Western Highway 
follows, and the upper mountain plateau (the Bells Line of Road), another east-west ridgeline, are the 
easiest natural passages through the mountains (Figures 7 and 9).   
Apart from the east-west route the majority of the ridgelines in the study area run north-south 
with ends in either direction (Figure 9).  These north-south ridgelines act as ‘ribs’ coming off the two 
axial east-west ridges.  These ribs allow for penetration into local areas but do not facilitate inter-ridge 
travel because the area between the ridges is deeply incised.  In the western portion of the study area 
beyond Leura (Figure 6) a series of east-west clines (Figure 8) causes the dividing ridgeline (Great 
Western Highway) to shift north-south with the ribs becoming east-west for a short distance until 
beginning their descent into the Western Plain.  All in all the effect is the same with two principal 
transit routes across the mountains accompanied by minor access routes stemming from the mains into 
the interior.  
The Blue Mountains project area is an undulating heavily dissected plateau with ovoid 
platform crests, rather than the conical peaks often associated with mountain ranges.  The plateau is 
made of sandstone formations which slope gently towards the east.  The mountains are divided into 
three main sub-regions based around three monoclines: the Lapstone Monocline for the Lower Region; 
the Bodington Monocline for the Upper Region; and a central geographical divide often associated 
with Tomah Monocline distinguishing the Central Region from the lower region (Figure 8; Bembrick 
1980; cf. Stockton 1970:295).  A monocline is usually a flex in the strata most often causing two 
distinctly different elevations, creating an evident step up.  The Lapstone Monocline is one of a few 
very prominent geological features within the Sydney Basin, extending some 160 km within New 
South Wales (Figures 7 and 8).  The monocline is noted for its very distinctive demarcation of the 
beginning of the Blue Mountains proper, in contrast to the flatness of Cumberland plain on the east.  
All this has three archaeological implications:  1) the transit routes across the mountains are 
linked to the main interconnecting ridges (the central divide) and form the central western link for the 
Sydney Basin; 2) principal localised movements within the mountains will be north-south following the 
majority of the interior ridgelines, and east-west between Katoomba and Blackheath; 3) the mountains 
are dramatically different from the surrounding area (Cumberland Basin and Western Plains) and 
represent an environment where human movement is relatively restricted and controlled.  
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Micro Geology  The Blue Mountains have a sandstone geology.  The eastern (lower) region 
contains (fine grain) Hawkesbury Sandstone stratified below (coarse grain) Narrabeen Sandstone.  The 
latter totally replaces the former in the higher regions west of the Tomah Monocline (Figure 8).  In the 
more elevated western regions Hawkesbury Sandstone is only found where erosion has cut back the 
rock surface.  Hawkesbury Sandstone’s fine structure is exploited for grinding and art.  The exceptional 
occurrences of Hawkesbury Sandstone at great elevation are likely to have drawn attention.  The 
Cumberland Plain lacks exposed sandstone of either Narrabeen or Hawkesbury series. 
Basalt capped peaks dominate the most elevated positions (Figure 8).  Basalt once covered the 
entire region but has since eroded away leaving only the mountain caps.  Most basalt is heavily 
fractured but some of tool-making quality occurs in rare instances directly on Hawkesbury Sandstone 
(e.g. Mount Banks). (See Table 7 for an outline of stone material used for artefact production in the 
Blue Mountains.) 
Six prominent diatremes are scattered through the middle and lower mountains (Sun Valley, 
Nortons Basin, Euroka, Tobys Glen, Machins Crater, St. Helena, see Figure 8).  Diatremes are volcanic 
vents formed during explosive volcanic activity and contain cylinder-like formations of fragmented 
rock (breccia).  Once the top portion of these vents collapse, they result in fairly large circular surface 
depressions.  The vents found in the Blue Mountains and others in the Sydney Basin range in size and 
depth, but are usually a few hundred metres across with a significant slope of several metres.  The soils 
within the vents are substantially richer than their surroundings and support distinctive stands of tall 
blue gum trees.  The soils for the plateau in general are thin and sandy deriving mainly from their 
sandstone base.  Diatremes are archaeologically important for their unique range of environmental 
features. 
The Blue Mountains’ chief topographic characteristic is its deeply incised gorges, valleys and 
canyons.  Two features are of particular importance: 1)  the markedly different type and depth of 
dissection between eastern (the Lower and Central mountains) and western (Upper-Central and Upper 
mountains), and 2) the environmental characteristics of the Narrabeen Group’s alternating layers of 
sandstone and claystone in the western portion of the mountains.   
Incising becomes steadily deeper from east to west due to differences in the underlying 
sandstone geology and higher elevations in the west.  The farther west one proceeds into the mountains 
the terrain becomes steadily harsher, more dramatic, and more difficult to traverse.  The undercutting of 
claystone layers (beneath the sandstone layers) in the western mountains creates steeply benched 
incising, with waterfalls (Holland 1974).  This undercutting is less prevalent in the headwater valleys 
where less erosion has taken place.   
The valley heads are far richer in subsistence resources and more friendly to traverse than the 
valley bottoms (cf. McIntyre 1990).  The valleys bottoms, while rich in resources, are difficult to access 
and very densely vegetated.  The steps are even more difficult to traverse if not outright impossible.  
Hence inter-valley travel is likely to be conducted via ridgetops and headwaters rather than along the 
valley floor (ibid.).  In short, the farther one moves west the less accessible become the valleys as the 
benching effect increases, leaving only the plateau’s ridgeline available for travel. 
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Hydrology  River systems of the Blue Mountains form a series of tributaries which eventually 
drain east into the Nepean/Hawkesbury main drainage outlet (Figure 8).  Apart from geomorphologic 
features, Blue Mountain rivers tend not to exhibit much of an ecological impact outside of their 
immediate vicinity.  Basically the rivers are contained within their gorges with most surface water 
draining quickly into the rivers and continuing out through the major drainage outlets.  Main tributaries 
affecting the study region are the Cox, Warragamba, Kedumba in the south and Wollangambe, 
Wentworth and Grose in the north.  The overall effect is that water moves quickly out of the region and 
is generally contained within narrow canals.  As a consequence, at any given moment water is found in 
most valleys.  Only limited outsources, mostly consisting of rock pools, are found along the elevated 
portions of the plateau.  Large permanent accumulations of water are within reach of the valley heads 
while ridgetop water sources are generally seasonal. 
Table 7:  Stone artefact material in the Blue Mountains. 
Stone Artefact Materials 
 
As a result of the region’s characteristic heavy erosion, quality materials for tool manufacture or maintenance, are 
located primarily along the main waterways.  Quality river pebbles are common and offer a source of mixed stone 
types: primarily cherts, silcrete, quartz and basalt (cf. Johnson 1979; McCarthy 1948; McIntyre 1990; Stockton 
1970, 1993a). 
  
♦ Cherts represent quality flaking material. Cherts are generally grey or white in colour though yellowish 
material occurs.  Their likely source is eroded metamorphosed shales found within the region. Similar to the fine 
and well cemented cherts are various indurated mudstones characteristically brown in colour.  Mudstone, also 
fine grained siliceous material, is common along the region’s waterways. 
 
♦ Silcrete quality is generally good. Silcrete or various crystalline siliceous stones in the region are mostly grey 
to brown in colour depending on sand grains the silica cements together.  Like the cherts and mudstones its 
source is eroded and therefore is principally associated with waterways (although some does occur in particularly 
lithic evaluated outcrops of Narrabeen Sandstone).  
 
♦ Quartz is milky white with a not uncommon pinkish or yellowish hue.  Crystalline quartz is less common 
(principally associated with diatremes).  Quartz nodules or weathered fragments are found in ground exposures 
as they are commonly eroded from exposed sandstone matrices.  Blocks of poor quality vein or ‘reef’ quartz are 
rare but some have been noted near the region’s volcanic necks.  Interestingly good quality quartz (if such a 
thing is possible) occurs at relatively high elevation where erosion repeatedly exposes new material (from the 
Narrabeen Sandstone).  While the quality of quartz is characteristically erratic, much being highly fractured, its 
sheer quantity and ubiquity mean a large amount is suitable for tool production. 
 
♦ Metamorphic quartzite is generally of poor quality in the region as the sandgrains are rather large and 
fracture in an unpredictable manner.  Eroded outcrops and river cobbles occur at low relative elevations. 
 
♦ Basalt is found both as outcrops at high elevations and at low elevation primarily as river cobbles.  Some 
prominent peaks in the higher regions are capped with basalt (e.g., Banks, Bell, Tomah, Wilson, Hay, Tootie).  
Elevated outcrops of basalt are of varying quality; most being low quality and highly fractured.  Basalt 
associated with diatremes is generally an array of angular, broken fragments.  The relatively hard and tough 
nature of basalt makes it ideal for ground stone implements such as axe (hatchet) heads, convenient when either 
suitable cobbles or outcrops are located in conjunction with sandstone grinding platforms.   
 
♦ Sandstone as previously discussed is primarily Narrabeen or Hawkesbury with the latter being the most 
suited to tool manufacture and maintenance as a grinding platform.  The vast majority of rock-art in the region is 
associated with Hawkesbury Sandstone. 
 
♦ Ochre outcrops occur in the region, but rarely in quantity or quality.  The pigment is characteristically dull 
red with deeper or lighter hues and less common brighter shades. 
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 Flora  The Flora of the BMNP region can be summarised in terms of vegetation from high 
(west) to low (east) as: low heath or lightly wooded plateaus, woodland valley slopes, densely wooded 
incised gullies, heath swamps and tall forests in the wetter valleys and more open heath and tall woods 
in the dryer valleys.  The more open vegetation of the ridgetops as opposed to the denser vegetation of 
the valleys makes traversing ridgetops easiest for inter-regional travel. 
  
Interim Summary  From this short assessment of the Blue Mountains’ geomorphology and 
flora some key points are evident.  They will be incorporated into the data matrix’s selection of 
variables and survey methodology (chapter 5). 
1. Because of the heavily incised valleys dissecting the region, and the geologic makeup 
(benching effect) associated with the region it is probable that prehistoric travel was linked to 
interconnecting ridgetops. 
 
2. Access to the resources contained in the valleys is from the ridges and is most likely to be via 
the headwater valleys where the gradient is significantly gentle (McIntyre 1990). 
 
3. The geologic features of the Blue Mountains (e.g., diatremes, deep gorges, monoclines) mark 
the region as distinct from its surrounding areas (the plains), and mark places of distinctive 
geologic combinations within the mountains (e.g., precipices, volcanic clearings, unique stone 
outcrops). 
 
4. Internal boundaries are evident in the geology (e.g., monoclines, Hawkesbury Sandstone 
distribution) and may relate to the distribution of archaeological features. 
 
4.2  Prehistoric Background 
The Sydney region’s prehistory most likely begins more than 40,000 years ago (Nanson et al. 1987; 
Stockton 1993a).  At this time people were living along the Nepean River System and it is likely that 
some occupation and subsistence activity pushed its way into the Blue Mountains proper (cf. McCarthy 
1948, 1964; Johnson 1979; Kohen 1986; Stockton 1993a).  However, the oldest dated activity in the 
Blue Mountains begins around 22,000 years ago at the distinctive and elevated Blue Mountains site 
called the Kings Table shelter (Figure 9, Stockton 1973). 
 Most conservatively, occupation in the Blue Mountains is firmly dated from 12,000 years ago 
(Bowdler 1981; Johnson 1979).  Little evidence supports very early occupation of the mountains 
themselves.  Material used for this thesis generally dates within the last 3–4,000 years. 
 The climate was fairly harsh until around 15,000 years ago, when there was an amelioration of 
the cold and wet weather.  Until then, occupation of the Blue Mountains was most likely ephemeral (cf. 
Stockton and Holland 1974).  Then the region began to gradually dry out, and around 10,000 years ago, 
people began moving into previously inhospitable areas throughout the Blue Mountains (Johnson 
1979).  The most solid occupation began around 12,000 year ago (ibid.).  However, overall occupation 
of the Mountains remained low until there was a dramatic increase beginning around 4,000 years ago 
(inferred by Johnson 1979:24–38; confirmed by Kohen 1986; Attenbrow 1987; McIntyre 1990).  At 
this time the environment of the region was roughly similar to the present day conditions.47
                                                          
47 Pollen analysis from swamp cores within the Blue Mountains area indicates that the flora has been relatively stable for around 
10,000 years (Chalson 1989).  
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 Bondaian Period  The Bondaian period, which began after c. 5000 BP was the last prehistoric 
period of the BMNP region.  The basis of the archaeology collated for the BMNP Project, the selection 
of strictly material variables used in the matrix (chapter 5), is Bondaian.  While worthy of lengthy 
elaboration, out of necessity the key points of a holistic interpretation of the Bondaian period are 
summarised in the table below (see Attenbrow 1987; Hiscock 1986; McDonald 1994, 1998). 
Table 8:  Bondaian Period summary table. 
Bondaian Summary 
 
• Rapid growth of population density from c. 4000 BP until a possible leveling or slowing down 
around c. 1000 BP. 
 
• Increase in the use of rock shelters beginning c. 4000 BP until a decline in shelter usage beginning 
around c. 1000 BP. 
 
• Proliferation of all types of art accompanying the population increase (and resulting social 
pressure). 
 
• Increase of artefact discard rates mirroring the population increase within rock shelters; no 
evidence of a decrease of open site discard rates. 
 
• Rock shelter occupational material displays no direct correlation with rock shelter art.  Shelters 
with and without art display similar discard patterns and materials. 
 
• Higher levels of heterogeneity in shelter art compared to the higher level of homogeneity of 
engraved art within the region. 
 
• Geometric microlith and bondi point production reached its highest level around the middle of the 
Bondaian period and tapers at either side with adze flakes and edge ground axes arriving sometime 
after the peak period.  
 
• Isotropic stone material replace larger and poorer quality materials with the increase in bipolar 
microblade flaking. 
 
• Late Bondaian trend towards the use of quartz for bipolar flaking at the expense of isotropic 
materials, possibly marking a change in technique rather than a shift of preferred raw material. 
 
 
In general, the Bondaian period within the Blue Mountains is one of relatively rapid 
population increase marked by the high rise in rock shelter usage between 3000 and 1000 years ago as 
indicated by a substantial increase in artefact deposits (McIntyre 1990:6).  Sometime after 1000 BP 
rock shelters were still in use but activity within the shelters slows and in some cases even reverses past 
increases (Attenbrow 1987).  It has been suggested that the decrease in shelter site usage during the last 
1000 years does not represent a slow down in the intensification for the broader region but rather a shift 
from the limited space of shelter sites to the more socially inviting open sites.48
                                                          
48 Koettig’s (1976) research on the dynamics of camping behaviour across Australia concluded, rockshelters are better suited as 
occasional refuges from either rain or intense sun and did not posses the spatial features, specifically personal space, necessary 
for the range of camp related behaviours.  Most activity would have occurred outside shelter sites.  (See also Barton and 
McDonald 1995; McDonald 1994; McDonald et al. 1994; Morwood 1987.)   
  And that these open 
sites are the result of sheer group demographic pressures not any new social system (cf. Morwood 
1986).  If this is the case the open sites which replace the shelter sites should display a larger but still 
relatively concentrated dispersal of artefacts.  And indeed, assessment of open sites throughout the 
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broader region shows this to be characteristic of open sites associated with shelter sites (personal 
assessment of NPWS files and noted by McCarthy 1948, 1964; Koettig 1976). 
This last major phase of prehistoric activity in the region has sub phases of its own (Early, 
Middle, Late) but this thesis is not overtly concerned with diachronic change and treats this period as a 
single unit.   
Chronology  Following in the path of analyses such as Ebert’s (1992) distributional model of 
behaviour, the Bondaian Period is viewed as one chronological unit.  This necessary step (Isaac 
1981:144) allows large scale distributional patterns of behaviour to make themselves evident in the 
landscape (cf. McDonald 1994:125–126).  General trends over a long time rather than a direct 
correlation between material assemblages and location are the most useful indicators of spatial 
behaviour (Holdaway et al. 1997:7; cf. Binford 1982).  
The BMNP Project deals with the study region’s surface archaeology as a synchronic period 
covering the Late Holocene, the last 4–5000 years.  Diachronic change is seen as contributing to the 
flavour of the region’s archaeology (the various Bondaian sub phases) but trends in spatial behaviour, 
continue outside the diachronic change (e.g., human geography: Golledge and Stimson 1997:7; 
archaeology:  David and Wilson 1999; McDonald 1994).  As discussed in chapter 2, this means that the 
detailed way people do things (e.g., using one type of tool or another to prepare food; using one type of 
cue or another to initiate a ritual) is likely to change through time, but the process remains (e.g., 
preparing food; conducting a ritual).  You can cook food or worship a god (Ancestral Being) in many 
ways but the rationale of the process or action remains the same.  
This is not to say that the flavour of the various Bondaian stages will necessarily be mixed 
together indiscriminately.  The steady but delicate proliferation of symbolic behaviour (McDonald 
2000a) and accompanying changes in settlement practices (Attenbrow 1987) are still important to 
characterising the region.  By viewing the period as a whole, without the discriminatory sub phases, it 
is possible to form a wider and longer interpretation of the landscape for the BMNP region.  This thesis 
seeks to highlight and understand material spatial relationships that remain constant during the period. 
 
4.3  Archaeological History 
Scientific archaeological investigation in the Blue Mountains had a formal beginning around 60 years 
ago with the initial work by McCarthy (1948, 1964), Towle (n.d.) and Tindale (1961) with later 
contribution by Stockton (1970, 1974) and Johnson (1977, 1979).  The most recent archaeology in the 
mountains centres around contract archaeological projects (e.g., Barton and McDonald 1995; Brayshaw 
1989a; Brayshaw and Haglund 1995). 
The Blue Mountains were originally thought of as an area exhibiting only marginal prehistoric 
occupation and the first series of researchers concentrated on the then popular stone tool typologies 
(McCarthy 1948, 1964; Tindale 1961). The first major archaeological publication from the Blue 
Mountains region came out in 1948, although the initial research by Towle and McCarthy started in 
1936, amongst Australia’s first scientific excavations.  Their excavation of a deep rock shelter at 
Lapstone Creek, a small tributary of the Nepean River, revealed what McCarthy (1948) believed was 
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evidence of two distinct stone working traditions, Bondaian and Eloueran.  His later excavations at 
Capertee (1964), approximately 70 km north of the study region in the eastern and northern portions of 
the Capertee Valley, identified a third stone tool industry which he called Capertian.  The three 
traditions Capertian, Bondaian, and Eloueran formed what was believed at the time to represent the 
broad technological structure and progression of Southeastern Australia.  The tools sequencing 
identified by McCarthy has undergone vast changes (White and O’Connell 1982), but these early 
investigations paved the way for future work.  In general McCarthy (1964) felt that occupation in the 
Blue Mountains was relatively light and restricted to the valley floors, perhaps restricted seasonally or 
to ceremonial activities which most likely took place near recorded engravings along the ridges. 
 
Stockton’s (1960 –1994) work in the Blue Mountains is the widest and most pertinent for this 
thesis.  His regional work since the 1960’s consists of several excavations and numerous surveys 
(summarised in Stockton 1993a–c) and range right across the region although in effect restricted to the 
narrow corridor or pass from the eastern escarpment to the western edge of the mountains.  While his 
excavation strategies tended to follow those set out by McCarthy (e.g., Stockton 1973) his later 
compilations of material, in particular his edited book Blue Mountains Dreaming (1993) demonstrated 
an extensive vision of the region’s archaeological picture.  Stockton highlights what he thinks are three 
geographical and cultural areas within the Blue Mountain (ibid.:55–62).  According to Stockton, the 
three regions, Lower, Central, and Upper (Figure 8) are represented differently by their archaeological 
records (Table 9).   
Table 9:  Stockton's (1993b:59) table ‘3.2 : Modified division and distribution of Aboriginal sites 
in the Blue Mountains’ with the addition of departures from the mean (DFM). 
 Upper Blue Mtns DFM 
Central Blue 
Mtns DFM 
Lower Blue 
Mtns DFM Totals Mean 
Campsites, sheltered  
(CS) 54 3 44 -7 55 4 153 51 
Campsites, open 
(CO) 54 1 39 -14 66 13 159 53 
Cave Paintings 
(CP) 35 -7 51 9 39 -3 125 42 
Rock engravings  
(RE) 14 -2 35 19 8 -8 57 16 
Axe grinding grooves 
(AGG) 75 18 49 -8 46 -11 170 57 
Stone arrangements 
(SA) 8 -5 24 11 7 -6 39 13 
Scarred trees  
(ST) 3 1 1 -1 1 -1 5 2 
Quarries   
(Q) 1 0 1 0 0 -1 2 1 
Totals 244  244  222  710  
DFM (departures from mean)        
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Figure 10:  Graph of Stockton’s (1993b:59) numbers showing the departure from the mean. 
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A graph of the departures from the mean (above) derived from Stockton’s (1993b:59) numbers shows 
that the Central Blue Mountains is the most anomalous, being strange in sheltered campsites, cave 
paintings, engravings, stone arrangements.  The Upper and Lower mountains are anomalous in only 
one attribute each and tend to display more utilitarian features in terms of occupational debris, location, 
and style of artwork. 
From Stockton’s brief review of the archaeological record (1970:300–301) and the region’s 
geography (Stockton and Holland 1974) he concludes, tentatively, that the Central Blue Mountains 
acted as a conduit and spiritual meeting place for Aboriginal people from the west and east (Stockton 
1993c:68), and that the material record in the central region of the Blue Mountains is the result of 
religious activity (Stockton 1970:301, 1993c:70–78).  In particular he identifies the Linden-Woodford 
Range as relating to ceremonial (religious) significance.  Stockton bases his argument on an undefined 
(intuitive?) correlation between elevation, accessibility, and art as evidence of ceremonial behaviour 
(cf. Gaul 1984).  This conclusion, unverified as it is, served as inspiration for choosing the BMNP as 
the region for this thesis. 
 
Johnson’s (1979) dissertation is generally focused outside of the BMNP Project study region 
(north at Capertee).  However he offers an effective synthesis of McCarthy’s and Stockton’s 
occupational models for the BMNP region.  Johnson (ibid.:22–39) shows that there was a higher degree 
of occupation in the Blue Mountain than previously predicted (e.g., McCarthy 1964), resulting in an 
increasingly intensive occupation in the mountains (Johnson 1979:39).  This level of relatively 
intensive and repeated use of sites within the Blue Mountains is continually being reaffirmed and 
increased (e.g., Attenbrow 1987; Brayshaw and Haglund 1995a; Kelleher 1997a, 1998; McIntyre 
1990).  Thus, Johnson’s work is particularly notable for this conclusion because it became possible to 
seriously question McCarthy’s (1948–1964) seasonal occupational model.  The Blue Mountains were 
no longer seen strictly as a secondary occupation zone, rather they are a different, but certainly 
hospitable, environment. 
In recognising the extensive archaeological importance of sites within the mountains Johnson 
(1979:37–39) outlined one of the first holistic models of occupation.  He concluded that the most 
intensive occupation occurred in the valleys where lithics are rich and art is poor (cf. McCarthy 1964; 
McIntyre 1990); that the ridgetops were only sporadically occupied because of the poor resource levels 
(cf. Stockton 1970); and that large shelters located on the margins of Blue Mountains Plateau where art 
is rich and lithics are poor may represent ritual sites. 
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Johnson’s (1979:37) identification of probable ceremonial behaviour, like Stockton’s is ill 
defined.  (Granted this was not Johnson’s primary focus.)   
Large rockshelters on the margin of the [Blue Mountains] plateau (e.g. Blackfellows’ 
Hands Shelter, Capertee site 5) have a rich suite (for the area) of parietal art and very 
poor lithic assemblages, suggesting their use for ritual purposes or brief encampments 
rather than occupation for significant periods by family groups. 
 
There is no systematic exploration of why poor accessibility, paucity of lithic assemblages and a rich 
level of art should be thought to equate with ritual behaviour, although it has sparked some debate (e.g., 
Bowdler 1981; McIntyre 1990; Stockton 1993).  
  
 McIntyre’s (1990) survey and excavation of sites northwest of the BMNP region synthesises 
an environmentally based model for Aboriginal site distributions for the Blue Mountains Plateau (see 
also Haglund 1990).  Her research has been reevaluated and verified several times (e.g., Barton and 
McDonald 1995; Brayshaw and Haglund 1995; Rich and Gorman 1992).  Several predictive statements 
(McIntyre 1990:26–27) are of particular value (table below). 
Table 10:  Aboriginal site distributional model in the Blue Mountains based on environmental 
features (after McIntyre 1990). 
 
Predictive Model of Aboriginal Site Locations in the Blue Mountains 
 
Major site complexes in the Blue Mountains are generally located: 
• at the head of gullies and valleys where there is relatively easy access from ridgetops to the 
resources provided by permanent water sources; 
• on plateau where the location offers a good vantage point and specialist resources. 
 
Small sites or site complexes in the Blue Mountains represent: 
• repeated transit use for purposes of hunting or travel; found along or near the end of ridgetops; 
• single use sites; found along access routes between major site complexes and resources. 
 
Travel within the Blue Mountains Plateau is likely to follow a general three part model: 
• water routes are unlikely to be used, as access routes due to harsh and difficult terrain (e.g., heavy 
undercutting and thick vegetation); 
• interconnecting ridges are the most probable travel routes, long interconnecting ridges provide the 
easiest travel routes within the plateau (e.g., Great Western Highway, Bells Line of Road); 
• occupation and travel routes outside the Blue Mountains Plateau are likely to be associated with 
major river valleys (e.g., Coxs River, Nepean River) as these are resource- and access- friendly 
environments. 
 
 
McIntyre's work is important in the construction of a regional model (ESP) for the BMNP 
Project data (section 4.5) and in the selection of archaeological and environmental variables for the data 
matrix (chapter 5).  Her findings show the importance of understanding the region’s geography. 
Elsewhere, McIntyre’s assault on the casual identification of religious/ceremonial sites within 
the Blue Mountains is of great interest to this thesis.  She cites the identification of the Blackfellows’ 
Hands site (per Johnson 1979, as discussed in McIntyre 1990:28) as an example of a weak ceremonial 
identification.  McIntyre (1990:28) shows that a generalisation about remoteness is a false identifying 
feature of ceremonial sites as Blackfellows’ Hands is easily accessible from the Coxs River Valley.  
The art within the shelter cannot be overtly ruled as ceremonial as according to McIntyre the presence 
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of child size stencils undermines this assumption (although why children can not participate in 
ceremonies is never mentioned).  However, she concedes that other art shelters in the vicinity of 
Blackfellows’ Hands may represent ‘supporting campsites for ceremonial activities’ (ibid.; cf. section 
3.3.2.2.1).  The associated deposit (relatively light) and homogeneity of art (all adult stencils) offers 
evidence supporting a ceremonial identification.  Nevertheless how one goes about the necessary step 
of testing this hypothesis, is not discussed.  
As McIntyre had shown, the simplicity of Stockton’s (1970, 1993) and later Johnson’s (1979) 
conclusions can be questioned.  While they may indeed be intuitively correct, the amount of 
information collected falls well short of the detail required for a proper assessment.  Two questions 
remain compelling:  ‘How do archaeologists test for ceremonial behaviour in prehistory?’ and ‘If the 
marginal areas in the Blue Mountains do not fit normal occupational models what purpose do they 
serve?’ 
 
Attenbrow’s (1987) research of the Upper Mangrove Creek (UMC) catchment, like Johnson’s 
is located outside the BMNP region (about 80 km northwest of Sydney, on the Hornsby Plateau within 
the Sydney Basin, Figure 7) but her distributional results are particularly useful as they come from a 
similarly structured topography.  Specifically the UMC is broadly structured by three zones: ridgetops, 
valley bottoms, and ridge sides, as is the BMNP region.  Attenbrow’s research is referred to throughout 
the thesis, this section pays particular attention to her model of spatial distribution. 
Attenbrow’s (1987) frequencies and densities are summarised in the figure below. 
Table 11:  Frequencies and densities of archaeological material by environmental zone in the 
Upper Mangrove Creek (after Attenbrow 1987). 
UMC Pictures Grind Areas Artefact Density Figures Grooves 
Zone Freq. % 
Den. 
per km2 
Freq. 
% 
Den. 
Per km2 
Freq. 
% 
Den. 
Per km2 
Freq. 
% 
Den. 
per km2 
Freq. 
% 
Den. per 
km2 
Periphery 
Ridgetop 
c.14-
30% 0.9 73% 5 22% 2.5 6% 6 72% 74 
Peninsula 
Ridgetop 1% 0.9 - - 3% 2 0.3% 1 - - 
Main 
Valley 
Bottom 
14% 5 - - 20% 10 17% 83 - - 
Subsidiary 
Valley 
Bottom 
2% 1.2 14% 2 22% 5 2% 4 24% 47 
Main 
Ridge 
Side 
2% c. 2.5 - - 3% 3 8% 30 - - 
Subsidiary 
Ridge 
Side 
50% 1.2 14% 1 29% 5 66% 73 4% 5 
1. Extrapolated from Attenbrow 1987:Figures 6.1; 6.4; 6.5; text 166–188.  Values with a ‘c’ are estimated. 
2. Pictures are both pigment and engraved art places; Figures are the number of observations, not the number of motifs. 
3. Grind Areas are places; Grooves are the actual number of observations. 
 
 
General conclusions about archaeological sites are: 
• highest number of sites are found on main ridgetops (peripheral to region); 
• highest density of sites are found in the valley bottoms; 
• lowest number of sites are found on isolated ridgetops; 
• lowest density of sites are found on main ridge sides. 
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General conclusion about artefact distributions are: 
• highest number of features are on main ridgetops and adjacent ridge sides; 
• highest density is in valley bottoms; 
• lowest frequencies and densities of material are in the isolated ridgetops and main ridge sides. 
 
Attenbrow’s findings are basically the same as McIntyre’s (1990), thus offering a strong 
indication of what to expect from the BMNP archaeo-environmental parameters.  McIntyre (1990), 
writing later, offers a better summary but Attenbrow’s numbers are superior.  People in these regions 
moved using the ridgetops then moved down into the resource rich valley bottoms, concentrating their 
activity areas along the way.  Thus there exists a large number of less dense sites on the multitude of 
paths moving into valley heads and a high density of sites and material in the valley bottoms (near the 
valley heads).  The effect is one of a funnel from high to low.  The overall model of spatial patterning 
is the same as previously concluded by McIntyre (Table 10). 
Attenbrow (1987:177–188) offers some important supplemental conclusions to her general 
model of spatial patterning.  These observations offer probability based assessments of expected 
material distributions; that is, how likely it is to find something in a particular location.  (See discussion 
of the BMNP survey in section 5.3.) 
The first of these observations is that open archaeological deposits were more common in the 
region than previously believed (Attenbrow 1987:178).  There is a relative ubiquity of open sites across 
topographic zones.  Frequency of open sites is high in the main zones of occupation (valley bottom, 
subsidiary ridge side, periphery ridgetops).  Secondly, main ridgetops (peripheral connectors) can be 
expected to yield a large number of sites with a relative low density of sites and artefacts.  These sites 
then, may often be overlooked as their artefacts are few and scattered.  Thirdly, the location and 
existence of axe grinding grooves are largely influenced by the presence of Hawkesbury Sandstone, but 
it is likely that the action of grinding (axes?) was more restricted than geology alone can satisfactorily 
explain (ibid.:184); perhaps representing a separate sphere of activity.   
Finally, when Attenbrow’s spatial results are stripped down to the bare essentials it is possible 
to say the three zones (main valley bottoms, subsidiary ridge sides, periphery ridgetops) represent the 
bulk of activity areas and that within each zone there was variation in the amount and type of activity 
undertaken (ibid.:187).  Different things were going on at different places. This spatial patterning was 
the result of both geologic variation and behavioural variation.  This model will be used extensively in 
constructing the survey and analytical procedures described in the next chapter. 
 
4.4  Rock-Art 
The BMNP rock-art corresponds to Sydney Basin rock-art as described in regional analyses by 
McCarthy (1941–1946, 1983, 1988), Maynard [McMah] (1965, 1976), Layton (1992) and most 
recently and comprehensively by McDonald (1994, 2000a).  Only McCarthy’s work directly addresses 
the BMNP study area, but much of McDonald’s and Maynard’s work directly applies to the styles, 
techniques, distribution, and chronology for Blue Mountains rock-art. 
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The two main Aboriginal art bodies within the Sydney region are rock engravings and 
pigment art (shelter art) both typical of Australian prehistoric art in general.  Both of these bodies of art 
are represented in the Blue Mountains and conform to the larger Sydney regional simple figurative 
motifs apart from their apparent lack of large engraving complexes (cf. Maynard 1976, McCarthy 
1988).  Simple figurative rock-art, (Maynard 1976) whether engraved or painted, constitutes plain 
silhouettes of easily discernable animal or human models.  It could be described as an outline of the 
model, although this tends to oversimplify some examples. 
Chronologically, the simple figurative rock-art, which is the vast majority of rock-art within 
the BMNP appeared during the last phase (c. 3000 BP) of McDonald’s Bondaian art sequence.49
In topographic terms most pigment art for the Sydney region is found on hillslopes (c. 70%)  
where large shelters provide a good medium and fit the expected environmental understanding of the 
  This 
phase can be considered as a relatively contemporaneous single body of rock-art, without significant 
diachronic change. 
Layton (1992) claims the simultaneous occurrence of two techniques in one general style 
(McDonald 1994, 1998) is a rather unusual occurrence in Australia.  The dual techniques, are 
quantitatively similar, although pigment art motifs (drawings and paintings) are usually much smaller 
than engraved motifs. 
The similarity of style between the two techniques however does not translate into a similarity 
of subject.  As McDonald (1998:323) concludes: 
the two extensive regional art bodies have shown that they do represent different 
manifestations of the same art tradition – while demonstrating inherently distinctive 
stylistic traits because of their techniques. 
 
It should be understood that while similar, the motif selection of shelter art is more heterogeneous and 
open engraving more homogeneous (McDonald 2000a:61).  McDonald’s extensive research concluded 
that the amount of variation within and between engraving motif divisions was more limited than 
within and between rock paintings (ibid.:60).  Although the potential for heterogeneity may appear 
greater for rock paintings, as the assemblage sizes are greater (3x) than those of engravings, the actual 
numbers of motifs used per site/media indicate that the standard deviation for motif categories is 
similar (3.8 rock paintings, 4.0 engravings) (McDonald 1994:341–343, 2000a:57–58).  In short the 
subject selection for engravings was more formal (limited) than that of the rock paintings.  This basic 
division has socio-artistic and sociocultural underpinnings which will prove valuable later in the 
analysis (section 6.8). 
 In terms of content, perhaps the main difference between the Sydney region and the upland 
regions of the Blue Mountains is its higher proportion of repetitious figures such as various types of 
tracks and its lower proportion of humanoids (cf. Maynard 1965,1976; Stockton 1993c).  
                                                          
49 Chronology for the Sydney regional art sequences has been investigated by McDonald (1994:335–336) who has convincingly 
concluded that as a regional unit: 
1. Pecked Panaramitee style engraving of simple geometric shapes such as tracks and circles represent the pre-Bondaian 
art style, before c. 5000 BP. 
2. Red paintings and red or white stencils occurring sometime after c. 5000 BP. 
3. A range of colour combinations and techniques mark the middle of the Bondaian period c. 3000 BP with the simple 
figurative motifs possible beginning late in this period. 
These dates from McDonalds (1994) work are taken from a range of rock shelter excavations where motifs were uncovered in 
deposit layers or could be extrapolated from art paraphernalia in datable deposits. 
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region (cf. Attenbrow 1987; McIntyre 1990).  These slightly elevated areas tend to offer the best 
subsistence living conditions.  In contrast the majority of the engravings (c. 60%) follow ridgelines or 
elevated sites, where large rock platforms offer a good and expansive engraving medium, though 
generally poorer in subsistence resources.  Understanding this spread is easiest in artistic rather than 
subsistence terms as the sites chosen logically follow the medium necessary for producing the art rather 
than any obvious economic rationality (cf. Clegg et al. 2001). 
The topographic spread within the Blue Mountain is more constrained, as habitable hillslopes 
are relatively rare due to the steep gradient.  This leaves elevated ridgeline plateaus, overhangs, or low-
lying shelters and foreshores as the most likely locations for rock-art.  This natural emphasis on a 
division of artistic mediums in the BMNP adds clarity for applying Wobst’s (1977) model (section 
3.3.4) but due to more limited examples of motifs will prove slightly more difficult than McDonald’s 
example (2000a).  Here any positive motif analysis will have to fit into a holistic archaeological picture 
for the BMNP (cf. Wobst 1977:319; see discussion of a holistic data matrix in section 5.2–5.3).  More 
than one class of artefactual information will have to follow a positive correspondence analysis 
(chapter 6) in verifying and/or fleshing out Wobst’s model (cf. Wandsnider 1996:323 lithics model).  
Like motif selection the distribution of art will prove insightful in the analysis. 
 
4.5  Summary Part I – Expected Spatial Pattern (ESP) 
Combining the preceding environmental review and archaeological history it is possible to create a 
generalised, spatial behavioural model for the BMNP, which could lead to an expected spatial pattern 
of  cultural material.  As Attenbrow (1987:68) notes: 
… it is usually possible to make some predictions as to what will be found on the basis of 
what is known about other nearby areas, or areas with similar environmental variables. 
 
Derived especially from McIntyre (1990) the table below summarises the general regional parameters 
for the BMNP region.  This model is called an expected spatial pattern or ESP, because of the chi-
square statistic which calculates observed results in relation to expected results and allows definition of 
the parameters used to expect.  This will later form a simple background for future empirical analysis 
(chapter 6–7; cf. Isaac 1981:148).  It will be used to identify significant deviation from the general 
pattern which will mark specific indicators of liminal activity (chapter 6). 
 In chapter 5 the ESP along with the indicator model in chapter 3, specific BMNP geological 
features, BMNP archaeological features, and the forthcoming anthropological review (sections 4.6–4.8) 
constitute the basis for variable selection and matrix organisation for chapter 6.  An ESP facilitates and 
simplifies general comparisons (such as frequency analysis). 
Given the complex nature of the research question of the BMNP Project it is unlikely that an 
ESP will yield the detailed pattern of relationships necessary to identify specific variations in 
behaviour; so a more targeted sampling procedure is required as discussed in chapter 5. 
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Table 12:  Expected Spatial Pattern (ESP). 
 
BMNP Regional Expected Spatial Pattern for Archaeological Activity 
 
• There are three primary topographic zones likely to yield archaeological evidence: main 
interconnecting ridgetops; head of waterways adjacent to main ridges; main valley bottoms 
(Attenbrow 1987; McIntyre 1990; Johnson 1979; Stockton 1970, 1993b). 
 
• Open sites should be fairly frequent if not necessarily dense in the three primary topographic zones 
(Attenbrow 1987; Brayshaw and Haglund 1995; Johnson 1979; McIntyre 1990; Stockton and 
Holland 1974), such sites depending on location are likely transit, logistical, or special-task related 
areas. 
 
• The most densely occupied sites are located at the head of waterways adjacent to main ridges 
where there is access between interconnecting ridgetops and/or at specialist resource areas (e.g., 
quarries) (Attenbrow 1987; Johnson 1979; McIntyre 1990; Stockton 1970; Stockton and Holland 
1974).  Such sites are likely primary residential (domestic) locations. 
 
• There will be high frequencies of light density sites along main ridgetops (Attenbrow 1987;  
Johnson 1979; McIntyre 1990; Stockton 1970; 1993a, b). 
 
• The frequency distributions of stone tools are relatively homogeneous, but their densities will vary 
between zones (Attenbrow 1987; McIntyre 1990; Stockton 1970, 1993a, b). 
 
• The distribution of archaeological evidence is likely to reveal variation in activity areas at a 
regional scale (Attenbrow 1987; McDonald 1998; McIntyre 1990; Stockton 1970, 1993b, c; 
Stockton and Holland 1974). 
 
• Travel in the dissected topography of the BMNP is most likely along interconnected main 
ridgetops and less likely along water routes, which have thick vegetation and difficult geo-
undercutting. This pattern is the opposite of non dissected regions (e.g., Cumberland Plain) (Kohen 
1986; McIntyre 1990; Stockton 1993b). 
 
• Rock-art located near areas of high frequency and density of archaeological material is likely to 
exhibit a high level of motif category heterogeneity per site/assemblage, while rock-art in areas 
with lower frequency and density of archaeological material is likely to exhibit more motif 
category homogeneity per site/assemblage (McDonald 1994, 2000a; Stockton 1993c).  
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Part II  Ethnography 
4.6  Aboriginal Ethnohistoric Material and the BMNP Project 
Ethnography for the BMNP region comes from a number of sources. This thesis relies on the 
prodigious work of Mathews (1894–1917) as the most direct evidence.  It is bolstered with formative 
ethnographies from Howitt and Lorimer (1880), Howitt (1904), Fraser (1892), Spencer and Gillen 
(1938 [1899]), Spencer (1928), Strehlow (1963–1970), and the professional work of Berndt and Berndt 
(1964–1988), Elkin (1963–1977), Hiatt (1962–1996), Stanner (1964, 1965), Myers (1986), Munn 
(1973), Mountford (1976), Swain (1985–1993) and Swain and Trompf (1995).  From these works it is 
possible to construct an outline of Aboriginal ethnographic material pertaining to general spatial 
behaviour (primarily ceremonial) and follow this with a more detailed discussion of Aboriginal 
religions and related spatial behaviour.  This thesis uses little direct Australian ethnographic material in 
the analysis, and very little ethnographic information relates directly to the study region, so there is no 
need to re-evaluate the ethnographic information here.50
I do not want to get bogged down in the debate encompassing the use of ethnography in 
archaeology
 
51
                                                          
50 For a review of literature on Aboriginal ceremonial sites in New South Wales see the comprehensive report by Sutton (1985). 
51 See for the ongoing debate: Hawkes (1954); Binford (1967); Ucko (1969); Orme (1973); Cordy (1976); Kramer (1979); Gould 
(1980); Gould and Watson (1982); Murray (1988); Morwood (1992). 
 as it is long and tedious and both sides have valid arguments.  Ethnography as a whole is 
valuable with regard to the BMNP Project as a means to connect with very generalised conceptual 
structures from the past.  Ethnography is rich in detail, but poor in the types of information needed for 
archaeology.  Since there is no way to know what any individual thought at any given moment, the best 
alternative is to determine the probability of certain group behaviours being manifest in the material 
record (cf. Hall 1997; Heather 1983).  The best way to achieve this is to create a model based on 
generalised patterns of behaviour (chapter 3), to hone those patterns with localised conditions by 
selecting general parameters from an array of scrutinised ethnographic material (after LeBlanc 1973; 
e.g., Levy 1982:17–25).  Such an approach customises a general model (chapter 3) with probable local 
characteristics (such as the ESP). 
This is done to increase the efficiency of the general model by customising the variables and 
thus making the likely spatial patterns more evident.  Sharpening the model in this way does not detract 
from a generalised methodology because each individual variable is still selected in accordance with 
the generalised principles.  (These ideas are put into practice in chapter 5 when variables are selected 
for the BMNP data matrix.) 
This chapter ethnographically identifies general principles of spatial behaviour for Australian 
Aborigines in order to establish a paradigm of behaviour for the BMNP region.  It targets broad 
behavioural generalities.  While the ethnographic information outlined here is not sufficient to make 
detailed interpretation, it does allow informed generalisations relating to conceptual and material 
patterns, thus reducing the inevitable coarse grain approach lacking direct ethnography (Morwood 
1992:2).  
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Ethnographic History  Before Mathews’ work at the turn of the 19th century there was no 
substantial anthropological work anywhere in the Sydney Basin.  The Blue Mountains in particular has 
an extremely limited ethnographic history, with virtually no direct ethnographic accounts in the region 
apart from Barrallier’s (1802) journal records.52
Table 13:  Ethnographic table of general religious spatial behaviour for Australian Aborigines. 
   Starting almost a century later, Mathews’ work is 
substantially more anthropologic than Barrallier.  Though Mathews himself was not specifically trained 
as an anthropologist his writings are generally considered solid source material (cf. Elkin 1975–6:1–24; 
Layton 1992; McDonald 1994).  
The spatial behavioural generalisations outlined below are derived first from the gross 
regional accounts of Mathews (1894–1917) and fleshed out with other ethnographies.  Information was 
deemed acceptable only where there is a combination of regional and Pan-Aboriginal examples.  A 
process is evident in the ethnography.  This process is detailed in a more specific look at Australian 
Aboriginal religious ethnography in later sections.  The generalisations are as follows: 
 
General Religious Spatial Behaviour of Australian Aborigines 
 
• People grouped themselves in a number of economic and social divisions (Berndt 1959, 1976; 
Hiatt 1962; Mathews 1898d, 1898g, 1899b, 1900b, 1905, 1907c, 1908b; Radcliffe-Brown 1930–
1931; Spencer 1914, Spencer and Gillen 1938 [1899]; Stanner 1965). These divisions were both 
physical (Stanner 1965a) and conceptual (linguistic: Berndt 1973; Capell 1962,1970; Mathews 
1897c, 1897e; Fraser 1892; Mathews and Everitt 1900; non-linguistic: Collins 1975[1798]:433–
435; Mathews 1895a, 1903; Myers 1986; Roheim 1969 [1945]; Strehlow 1970).  Boundaries were 
characterised by ‘zones of intermediacy’ (Stanner 1965a:12) but the core of any division was a 
structured entity (Mathews 1897c, 1903; Myers 1986; Radcliffe-Brown 1930–1931). 
 
• Ceremonial divisions were larger than economic divisions (Berndt and Berndt 1964; Berndt 1969; 
Mathews 1897c, 1897e, 1903; Meggit 1962; Mountford 1976; Novosil’sky 1981:30; Radcliffe-
Brown 1929).  Membership in a ceremonial group was larger than an economic unit (Berndt 1974; 
Mathews 1903, 1916–1918; Simonov 1981:52; Spencer and Gillen 1938 [1899]; Strehlow 1978).  
Therefore linguistic and economic differences spatially separated groups but ceremonial behaviour 
cohered them, being generally similar for a region as a whole (Beckett 1959; Berndt 1969; Howitt 
1904; Howitt and Lorimer 1880; Fraser 1882, 1892; Mathews 1897c, 1898f, 1905–1907; Myers 
1986; Strehlow 1970; Sutton 1985:18–21; Warner 1958). 
 
• Ceremonial behaviour was spatially structured.  Distinct divisions, often based on gender (Beckett 
1967; Berndt 1950; Novosil’sky 1981:30), were separated within the main intertribal gathering 
(Barratt 1981:67–69; Beckett 1959; Bellingshausen 1981:38–43; Berndt 1974; Fraser 1892; Hiatt 
1996; Mathews 1895b, 1896b, 1897c, 1898b, 1898d–1898h, 1899b, 1900a, 1903, 1905; Mathews 
and Everitt 1900; Myers 1986; Radcliffe-Brown 1929, 1930–1931; Spencer and Gillen 1938 
[1899]; Warner 1958). 
 
• Large ceremonial centres for intergroup gatherings were located outside socioeconomic territories 
and or in regions equidistant from such territories (Barratt 1981:67–69; Bellingshausen 1981:38–
43; Berndt 1974; Mathews 1897c, 1898f, 1903; Enright 1899; Howitt 1904; Spencer and Gillen 
1938 [1899]; Stanner 1964; Strehlow 1970; Threlkeld 1974:50–59; White 1962[1790]:164–168). 
 
• Ceremonial intergroup gatherings were governed by general environmental factors where seasonal 
or temporary features dictated the timing if not the conceptual nature of the gathering (Bowdler 
1981; Flood 1980; Howitt 1884; Mathews 1903; Morwood 1987; Myers 1986; Strehlow 1970). 
continued 
                                                          
52 Barrallier was first an explorer rather than a historian but he does offer some good accounts, albeit rather limited information, 
of the people he met in his attempt to navigate a southern crossing of the mountains. 
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continued 
And from these generalities the following model is proposed to guide the research: 
 
 Distinct spatial divisions are evident for economic, linguistic, and social behaviour, but boundaries 
of any sort do not have clearly defined edges but rather a strong heartland which tapers off towards 
the edges. 
 
 Social divisions were more fluid and larger in scale than economic divisions; thus economic 
divisions are heterogeneous on a regional scale (with multiple pockets of activity) and social 
divisions (with large spreads of activity) are more likely homogeneous. 
 
 The highest concentrations of individuals and groups occur where ecological conditions permitted 
social behaviour. 
 
 The largest social/ spatial units were associated with religion. 
 
 
With this general social model of spatial behaviour the chapter now discusses a more detailed 
model for the spatial behaviour relating to Australian Aboriginal religions, again concentrating on 
general structural principles, rather than a systematic evaluation of the plethora of ethnographic 
interpretations. 
 
4.7  Australian Aboriginal Religions 
This section begins with the accepted premise that religion was a dominant feature in Australian 
Aboriginal society (Berndt and Berndt 1964; Berndt 1969, 1974; Eliade 1973; Mountford 1976; Myers 
1986; Stanner 1984; Swain 1993; Swain and Trompf 1995).  Every aspect of life was somehow 
intertwined with religion.  Aboriginal religions are not a product of society but are the very basis from 
which Aboriginal societies form (Charlesworth 1984:4).  Within this accepted generalisation, the 
related concepts of the Dreaming and a place based cosmology form the crux of Pan-Aboriginal 
religious phenomena.  
The concept of the Dreaming, as a philosophy and not a set of specific events is the 
fundamental feature throughout Aboriginal religions (Charlesworth 1984:9).  The Dreaming is 
basically a schematic understanding of the world based on spatial events rather than time.  The 
Dreaming was first documented by Spencer and Gillen (1938 [1899]) before the turn of the century and 
stems from the Aranda’s (Central Australia) concept of a vague continuum of eternal events.  It is 
difficult within the early texts of Spencer to distinguish the exact nature of the Dreaming but in later 
writings (1928:278) he describes it as: 
… not applied to any being, human or superhuman, mythical, or regarded as actually 
existing, but is intimately associated in the native mind with the far past times in which 
his totemic ancestors came into existence, lived, wandered about and died. 
 
Spencer states that the concept of the Dreaming is one of the most difficult aspects of the Aranda he 
encountered, but in general he thought of it as pertaining to origin events (Spencer 1928:278; cf. Eliade 
1973:43). 
As later scholars have noted, the problem with this interpretation is that the idea of origin 
events places a timeframe on a concept which pertains to the eternal (Swain and Trompf 1995:21).  If 
events have a beginning, an origin, then it is logical that at one time they did not exist, that is they came 
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into being.  But Dreaming events are eternal much as the Christian God is eternal; there simply is no 
before, the question is not germane.  As Stanner (1984:170) summarises, the Dreaming is an account of 
the first things which are also the final things. 
Building on Spencer (1914, 1928) and other formative ethnohistories, most recent works have 
struggled with the specifics of the concept but tend to agree that the Dreaming refers to a continuum of 
eternal events which are rooted in space and not time (e.g. Elkin 1969; Myers 1986; Swain 1993).  
Most importantly they all agree as to the paramount importance the Dreaming plays in constituting 
Aboriginal social life.  As Elkin (1969:88) states, the Dreaming is much more than: 
a long-past period in a time series when the landscape took on its present form and when 
life filled the void.  It is rather the ever-present, unseen, ground of being – of existence. 
  
And Myers (1986:47) concludes: 
 
Because it touches so many dimensions of… [Aboriginal] life, The Dreaming… possesses 
no single or finite significance.  It represents, instead, a projection into symbolic space of 
various social processes. 
 
In the enduringness of this landscape, Aborigines see a model of the continuity they aim 
to attain in social life, a structure more abiding and real than their transitory movements 
on the surface.  (ibid.:11) 
 
Spencer was not wrong when he said the concept related to events in the ‘past’ but instead of 
understanding them as a time past it is more correct to think of a layered past.  Elkin (1969:89) goes on: 
The concept is not of a ‘horizontal’ line extending back chronologically through a series 
of pasts, but rather of a ‘vertical’ line in which the past underlies and is within the 
present.  As the top of an iceberg is seen and is powerful because of its great unseen mass 
moving beneath the surface, so man and nature are sustained by the ever-present, latent 
power of the Dreaming.  And Aboriginal man expresses this belief in his ritual, 
mythology and symbolism, through which the Dreaming becomes sacramentally visible 
and potent.  
 
The Dreaming events are a set of events always present though they may be obscured by the mundane 
present.  As a house which is built on a foundation often obscures that foundation, but the foundation is 
nonetheless there and forms an important part of the building, the Dreaming forms the basis of a 
cosmology – a foundation.  Space, or as is more often the case places in space, where Dreaming events 
were actualised or objectified, form the core principle of Australian Aboriginal religions.  As Stanner 
(1964) concluded in his landmark collection of articles On Aboriginal Religion, religion for Australian 
Aboriginals in general is not based on the workings of a God; it is intertwined directly with a sacred 
concept of the land.  
While it may seem logical that a universalised concept of eternal place will result in a Pan-
Aboriginal religion, a generic mythic structure, this is not the case.  A single, unified Pan-Aboriginal 
cosmology (i.e., interpretation of physical events) simply does not exist (cf. Berndt 1951 with Swain 
and Trompf 1995).  While there is a basic conceptual similarity, the Dreaming, the specific aspects of 
Australian religious life vary considerably (Strehlow 1963:249–250; see also Berndt 1974).  More to 
the point, the very lack of any centralised mythos forms the true character of Aboriginal religions 
(Swain and Trompf 1995:22).  As this ethnographic review will show, in terms of behaviour, the 
Dreaming is equally a way (process) of doing things as it is an ontological idea (e.g. Berndt 1969). 
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There are four very general structural factors relevant to all Aboriginal religious concepts.  
The meanings and actions, the metaphysical understandings, can vary considerably between Aboriginal 
communities but the process of the stories all revolve around a simple format.  Swain, among others 
(cf. Charlesworth et al. 1984), sums this pattern most succinctly as: 1) something existing, 2) 
something being active, 3) something becoming ordered and 4) something having place (in Swain and 
Trompf 1995:23).  The 4th element is of particular relevance as it related to the focus of this thesis.  
This last feature relates directly back into the concept of the Dreaming.  This is not surprising 
as it has already been noted that the concept of an eternal place forms a foundation for Aboriginal 
cosmology.  For Australian Aborigines the eternal nature of place plays a very active role in the 
universal mythos (Morphy 1995:186).  Not only is space critical to the underlying cosmology, it is also 
directly involved in an active reflection of that cosmology (e.g. Berndt 1969, 1974:10).  The house 
built on a foundation of the Dreaming, to use the above analogy, can be thought of as being constructed 
with ‘Dreaming bricks’ as well as ordinary materials.  In this manner space forms the basis of 
Aboriginal cosmology but it also specifically participates in the enduring actualisations of 
cosmological events.  Place not only serves in the Kantian sense as a stage but more importantly, as 
Hart and Conn (1991) favour, place becomes an active feature within the broad concept of space (cf. 
section  2.4).  A universality of cosmological meaning and action are impossible to structure from 
mythic sources, but the fact that they must all relate to a place shows the importance of the idea of 
place to Australian Aboriginal religious concepts (Morphy 1995:186–187). 
The importance of space and particular places within Australian Aboriginal understanding of 
the world should not be underestimated, but it should be qualified to some degree.  Spatial concepts 
form the basic Aboriginal schema, but in no way is this superimposing meaning on the structure.  Like 
the cosmology, it is possible to understand how it functions without understanding the specifics as to 
why it does so.  It is possible to outline a pattern but not the meaning of the pattern.  The distinction 
may seem pedantic, but it is crucial to the archaeologist.  Archaeologists uncover valuable differences 
in spatial behaviour, one place being used differently than another.  In this way we can understand how 
certain behavioural actions relate to different places, but the meaning of these actions is at best difficult 
to discern.  However, by accepting that differences in space form a basic Aboriginal perception then 
differences in value-based spatial behaviour can be interpreted as reflecting more than a simple reaction 
to the environment (cf. section 3.3.4).  
 
4.7.1  Sacred Places  
If space and place form a core feature for Australian Aboriginal religions, and everything is related to 
space, then in a sense everything is sacred.  This is an accepted premise in Aboriginal cultural studies.  
But if everything is sacred, the Dreaming being all-pervasive, there would be no way to distinguish 
religious spatial behaviour from mundane actions.  There would simply be no social impetus to 
separate it from other spatial behaviour and it would be lost in the milieu.  Yet Aboriginal perceptions 
of sacred space do differentiate themselves within the sanctity of eternal space.  (See also the 
discussion of sacred continuums in section 3.3.1.1.)  It is important to demonstrate this qualitative 
distinction, because an unproductive notion persists in Australian Archaeology that no such distinction 
exists (peer comments).  
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Every person and animal has a spiritual (Dreaming) connection, every feature has a 
sanctifying aspect, and every place has a co-sacred source; all things have a basic connection with the 
sacred.  As Charlesworth (1984:4) puts it: 
… it is impossible in Australian religious life to make the distinction between the ‘sacred’ 
and ‘profane’ spheres. 
 
While the impact of this belief varies across cultures (e.g., Carmichael et al. 1994) it is safe to say that 
religion or religious concepts are the most important social binder in Australian Aboriginal culture.  
Life was possible only with direct influence from the supernatural (Berndt 1983:18).   
One of the main difficulties in working with Aboriginal sacred sites is defining the boundaries 
of such an enigmatic phenomenon (cf. Creamer 1976, 1979, 1984).  Aboriginal religions are universal 
in nature and therefore sometimes wrongfully considered to be distributed equally across the cosmos.  
This interpretation has caused profuse inconsistent use of the term sacred site.  Maddock (1983:131) 
for example notes: 
White people generally would think of [sacred] sites as things that can be pinpointed on 
a map.  A site can be distinguished from its surroundings, just as the eyes of a potato can 
be distinguished from the rest of the vegetable....  Yet Aboriginal usage is often less exact.  
The same word, for example, may function as the name of a clearly identifiable feature 
of the landscape and of a more or less extensive area in which that feature is located.  
 
Sacredness is a term which refers to a larger proportion of the landscape for Aborigines than for other 
Australians, although the degree of sacredness varies.  It is specific for some and very broad for others 
in relation to the quantity and quality of space it covers. 
Whereas religion is the central feature of everything, blended into all, it is also a separate 
entity (being dyadic).  For example, it is common in Australian Aboriginal communities to refer to the 
sacredness of the entire continent or cosmos (Berndt 1976; Myers 1986; Spencer and Gillen 1938 
[1899]; Stanner 1964; Strehlow 1970; Tunbridge 1988).  During more specific questioning, this 
continental wide sacredness can be narrowed to specific amounts of sacredness (e.g., Doolan 
1979:162), like that possessed by a mountain ridge (e.g., Berndt 1983; Gunn 2000; Tunbridge 1988; 
Taçon 1990:19).  On even closer investigation of such sacred relationships, the mountain ridge is 
further refined in terms of its sacred features as exhibiting ceremonially sacred plateaus or saddles 
(ibid.).  These topographic features are still further refined by the secret sacredness of specific water 
holes or rock outcrops they may contain.  The process continues where the water hole or rock outcrop 
is associated with specific secret sacred stones or engravings indicating another refinement in sanctity 
of space. 
Each decrease in scale focuses a feature’s sacredness or religious value.  In a very culturally 
specific way this refining of the sacredness of Aboriginal concept of space represents various degrees 
of sacredness.  All things are sacred in general, some are particularly sacred, some ceremonially sacred, 
and some are secret sacred.53
                                                          
53 Sacred Sites    Creamer’s (1984) important report on Sacred and Significant Sites describes the dominant themes of focusing 
on specific places in Australian Aboriginal cosmology.  Such themes are an example of how varying degrees of sacredness 
develop, not all sites were of equal importance.  There is a continuum marked by the extremes between sacred sites and ‘ordinary 
places’, one where special events took place and the others were ‘everyday’ (ibid.:6.5).  All sites may be ultimately sacred in 
their connection to the Dreaming but some are definitely more sacred than others.  As Creamer (1984:6.6) notes: 
  
The term ‘sacred site’ is widely used by the general public and the media to refer to all Aboriginal sites with 
apparent disregard for whether they are in fact known to Aboriginal people and even if they are, whether they 
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Sacredness in Aboriginal culture is qualitatively structured.  The misinterpretation of this 
structure as being an indistinguishable whole is most likely due to a breakdown in semantics, derived 
from an inability to communicate the different degree of sacred value between Aboriginal and 
European cultural ideologies (Doolan 1979:161; cf. Kelley and Francis 1994).  This same process 
happens in other ethnographies where cosmotheisticity exists but through a less preconceived 
inspection of the cosmology, it becomes apparent that there are various degrees of sacredness (Kelley 
and Francis 1994; Marcus 1978; Parkin 1991; Thompson 1971). 
Interim Summary   Any interpretation of Aboriginal sacred space should be consistent with 
qualitative differences such that it can separate out the various degrees of sacredness along a sacred 
continuum.  Thus an archaeological reconstruction of religious behaviour should ideally account for 
these qualitative variations.  It may seem artificial on some levels to physically isolate space or place 
which is but part of a whole, however highlighting the divisions within the sacred continuum makes for 
a productive archaeological analysis.  By understanding that sacredness has various degrees of 
differentiation it is possible to broaden the idea of the sacred beyond a strict cultural interpretation, 
moving outside ideas of cultural relativism, so as to allow for comparative analysis.  This 
understanding acknowledges the ubiquity of the sacred but it also recognises variation in the degree of 
sacredness within a landscape.  Processes such as these allow archaeologists to hypothesise and test for 
variation in spatial behaviour.  
 
4.7.2  Rituals and Space 
Spatial divisions related to the sacred realm exist in every Australian Aboriginal culture (cf. Berndt 
1974; Berndt and Berndt 1965, 1970, 1988).  Ancestral Beings are indeed everywhere, in everything, 
but rituals or offerings performed at specific places are more apposite than performances held just 
anywhere (Creamer 1979; Strehlow 1970; Taçon 1990:20).  The main feature of Aboriginal religious 
ritual is that it reinforces the cosmological link between the people and the land (Swain and Trompf 
1995:25).  As Morphy (1995:201) states; ‘All sacred law is associated with events that are manifest in 
the form and characteristics of particular areas of land.’ 
The more connected a place is with the Dreaming the more sacred it is and the more 
segregated and secret it is.  Such places have such a strong sacred connection that their very being is 
both secret and sacred; representative of the extreme end of the sacred continuum.  Charlesworth 
(1984:11) notes that, ‘Some places may be permanently both secret and sacred because they contain 
sacred objects or drawings that may not be seen by those who are not initiated.’  And he continues to 
emphasise their exclusiveness with, ‘Transgressors of the secret-sacred realm violate the mysteries and 
                                                                                                                                                                      
are in fact ‘spiritual’ sites rather than everyday places with economic or residence connotations.  The reasons 
for this are interrelated and self-generating.  It is probably true that anthropologist s and other researchers 
have for too long over emphasised the religious and spiritual values of land to Aborigines without drawing 
attention to its economic and survival value.  This encourages the tendency of poorly informed whites to believe 
cliches about animistic Aborigines worshipping ‘sacred’ nature and has built up expectations in the community 
that all Aboriginal sites must be sacred.  Such a view misunderstands the nature of Aboriginal relations with 
the land, insults Aborigines as portraying them as obsessed with arcane secrets and leading lives constantly 
dictated to by spiritual beliefs and further, it makes it more difficult for Aboriginal people in south-eastern 
Australia to uphold claims about  genuinely sacred places because they are not seen by the public to be 
practicing traditional Aboriginal religion. 
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can be visited with severe punishments.’  Along these lines there are many recorded examples where 
rituals could not be conducted outside specific locations.54
4.7.2.1  Ritual Ground 
 
So an awareness of the presence of the sacred can be all-pervasive, not restricted to single 
places, yet in forming a connection with the sacred there are spaces and places distinguished by their 
special significance; namely a higher degree of sacredness.  As discussed earlier in section 3.3.1, in 
order for the sacred to exist there must be some way to recognise it, or more specifically to recognise 
what it is not. 
 
It would seem a simple task to locate the ritual grounds or sacred places of Aboriginal Australia.  All 
one need do is recognise the divisions for an area associated with the sacred continuum, in accordance 
with the material indicators of religion (section 3.4).  As the situation unfolds, however, as with most 
sociologic practices, the distinguishing elements between the degrees of sacredness are not always 
apparent or black and white even when they are material (cf. Berndt 1969:6; Creamer 1976; Sutton 
1985:ch. 2). 
The graduated spatial pattern characteristic of sacred spatial behaviour (section 3.3.1.3 GSB 
and 3.3.2.2.1, ritual support camps) although distinct in part is also connected (reaggregated) to general 
domestic (mundane) behaviour.  Berndt (1974:11) summaries this idea succinctly when he writes of the 
contagious nature of the sacred: 
In most cases, the Aboriginal words for ‘sacred’ imply some degree of secrecy; but they 
do not necessarily stipulate what is regarded as sacred in a more general sense.  They 
have overtones that emphasise the secret-sacred end of the continuum, whereas 
sacredness is much more widely diffused – it ‘spills out’ or expands outward from the 
exclusiveness of the secret-sacred ritual ground – if only because the ground is set within 
a more general social context, involving all camp members.  Rites performed by initiated 
men in their own domain must be seen in balance.  Even at the purely ritual level, they 
are not self-contained or complete in themselves.  They must be complemented by 
activities covering a much wider range – wider spatially, including the publicly open 
ground in and near the main camp, and also varying in form and content. 
In other words, although the focus may indeed be on male ritual activity on a 
secret-sacred ground, virtually everyone is involved in one way or another.  To begin 
with, there is the socio-economic interdependence between the sexes which makes it 
possible to hold a large ritual sequence; and over and above this is the actual content of 
ritual (that is, what it has to say), which substantiates its relevance to all members of the 
particular group associated with it.  (my italics) 
 
It seems probable therefore that Aboriginal secret-sacred places are segregated but not isolated spatial 
entities and are likely to represent only one component of a larger area or regional complex of more 
general sacred spatial behaviour.55
                                                          
54 For examples see: Mathews (1897c, 1903, 1917); Stanner (1964); Strehlow(1970); Gunson (1974); Creamer (1984). 
55Compare Creamer (1976:7–8). 
  Ritual space and behaviour form a special part of a complex of 
social behaviours (cf. Mathews 1897c,f; Stanner 1965; Witter 2000).  This assumption does not 
preclude secret-sacred places from forming unique entities within such wider complexes (cf. Morphy 
1995:188), but neither does it necessarily mean the boundaries associated with the sacred continuum 
will be neatly drawn on the landscape (or dots on the map).  The difference is that mundane behaviours 
are relatively less formal logistical movements while ceremonial behaviours are selective, formal, 
clinal, and homogeneous (section 3.4). 
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What is most likely to be significant is the structural nature of sacred space in terms of 
distance relationships between various artefact/material features (e.g., Zvelebil 1997:46).  The way 
people camp together, for whatever reason (economic, social, religious, etc.) they create a 
representation of their universe by ‘exploit[ing] correspondences between topographic, ancestral, and 
social orders when they occur’ (Morphy 1995:201; cf. ritual support camps section 3.3.2.2.1).  
Australian Aboriginal rituals are therefore structured by sequencing space rather than time.  
Specific ritual grounds exist in the spatial behaviour of Aboriginal religious ideology as real 
spatial units, however the boundaries of such entities are likely to be graduated zones, rather than 
sharply delineated divisions.  Archaeologically the same features which exist in a domestic camp are 
likely to exist in a sacred place (the ‘socio-economic interdependence’ noted by Berndt 1974:11) 
however their distribution in space is more selectively structured and targeted in accordance with 
liminal features (e.g., homogeneous art, selective topography, formal associations) and not simply 
associated with geo-clinal features (e.g., quarry, resource gathering, production). 
 
4.7.2.1.1  Bora  
The documented Bora initiation (male) ritual for south-eastern Australia offers a prime example of a 
graduated ceremonial rite.56  As Elkin (1975–6:143) concluded, Bora rituals were the most prominent 
rituals in terms of physical performance and general occurrence.  The spatial structure inherent in the 
Bora shows evidence of a generalised, religious behaviour.  What makes the Bora so interesting for this 
thesis is that it stems from the All-Father Cult which has a likely European origin,57
For example rather than concentrating on such features as the twin-circle mounds of Bora 
grounds that are evident in the northern parts of NSW, but give way to other forms of initiation grounds 
 yet it still retains 
the basic schematic make-up characteristic of Aboriginal Australian religions in general (i.e., the spatial 
organisation of religious behaviour, Table 13).  This means that it is not necessary to utilise the Bora as 
a direct historical model.  If it could be assumed that the All-Father Cult was indigenous then perhaps 
archaeologists could seek verification for specific cult practices over a long chronological framework.  
Yet such a model is highly improbable, and very unlikely for the BMNP region.  Therefore rather than 
incorporate unlikely specific criteria as variables it will prove more fruitful to look at the generalised 
principles of the All-Father Cult.  The most archaeologically productive of these will relate to the 
material and spatial behaviour of the cult. 
Howitt (1904:509–642) gives a comprehensive assessment of the Bora’s distribution and 
variation in terms of practice, but none of the early works offers a credible assessment of the theistic 
significance of the ritual.  As Kelleher (1995a), Urry (1993) and Swain and Trompf (1995) note such 
detailed analyses were beyond contemporary anthropology.  The importance here however is not found 
in the meaning of the ritual but can be gleaned from the structuring principles associated with the 
initiation ceremony. 
                                                          
56 Although there are a number of  rituals recorded in south-eastern Australia [bunan – Mathews (1896a); burbung -Mathews 
(1896b, 1897c); keepara – Mathews (1987e); bulpa and wikandja –Mathews (1899)] the Bora (or Bora-like) is the most 
prominent in the literature.  See Mathews (1895a, 1897a, 1897b, 1897d, 1898b, 1898e, 1898h, 1900b, 1903, 1905, 1907b, 1916–
1918); Howitt (1904); Black (1943–1950). 
57 The All-Father Cult of which Baiami is the dominant High God forms the primary religion for south-eastern Australia (Berndt 
1974; Creamer 1984; Elkin 1963; Howitt 1904; Mathews 1905).  The cosmology of the cult is drastically different from other 
Australian religions with most recent scholars identifying a post-invasion Christian influence (cf. Berndt 1950–1:229–235; Swain 
and Trompf 1995:64). 
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in other parts of the state (e.g., Creamer 1984:2.20), it is more useful to concentrate on the general 
spatial parameters associated with all ritual grounds such as the relationship between sites and artefacts 
noted previously by Berndt (1974:11, above).  With this understanding this last section concentrates on 
the features of the Bora which show a connection with the general spatial model for Australian 
Aboriginal religions.  Such features will be the most likely visible indicators for religious spatial 
behaviour.  
 The cosmological characteristics of the Bora, flowing from the All-Father Cult, are at odds 
with the general picture for Australian Aboriginal religions, but in spite of this the Bora’s ritualised 
spatial schema is similar to the general model for Aboriginal society.  The table below summarises both 
the general and Bora-specific spatial attributes. 
Table 14:  Spatial behaviour and the Bora initiation ritual. 
 
General Religious Spatial Behaviour and the Bora 
 
General Australian Aboriginal religious spatial behaviours/structures have the following features (after 
section 4.7): 
 
 they are spatially sensitive in terms of place and social behaviour; activities are likely segregated; 
 ritualised concepts of space are structured within a sacred continuum, that is, the segregation of 
activities is graduated towards a focal point; 
 rituals serve as the largest social events, places must be both liminal and serviceable; 
 environmental features temper ritual events. 
 
The ritual spatial schema for the Bora follows these same principles.  Mathews (1903) gives a 
characteristic account of these which are summarised below:  
 
• the Bora ground was separate from general camping areas; 
• the structure of the actual Bora ritual ground was a series of camps: main (support) camp for 
women, children and other non-participants; participants camp; sacred ceremonial site; secret-
sacred site; all camps and sites being spatially segregated; 
• ceremonial and secret-sacred sites are more isolated spatially than Bora (support) camp areas; 
• large social gathering of many tribes such as Bora ceremonies may last months at a time; 
• Bora places are structured in accordance with seasonal and topographic conditions. 
 
 
One final piece of information which is added as a separate principal feature of the Bora is that its 
ceremonial grounds were always located in prominent topographic locations.  As Mathews (1903:128) 
noted this does not necessarily mean that the Bora was confined to specific topographic features as 
concluded by Fraser (1892:16) and Sadleir (1883:12); rather it is evident that the Bora ground and 
accompanying ceremonial sites were specially selected to fit within the topographic range of the 
country where it is being held.  If the region is hilly or mountainous, then the Bora grounds will be 
placed accordingly, likewise if the area is level (see Mathews 1894c:99). 
In sum, the Bora may result from a vastly different cosmology but it follows the same spatial 
behavioural pattern seen throughout Australian rituals.  This demonstrates strong similarities in the 
physical actualisations of Australian Aboriginal religious rituals – a similar spatial behaviour in relation 
to religious ritual.  Here the segregation of space is the critical factor of religious spatial behaviour, as 
seen in the model described in chapter 3.  Similar to Berndt’s example, it seems probable that the 
sacred places of the Bora, like those of the rest of Aboriginal religions, are not isolated spatial entities 
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and are likely to form part of a complex of behaviours stemming from the concept of a sacred spatial 
continuum. 
 
4.8  Summary Part II – Aboriginal Religions and Ritual Spatial Behaviour 
Religion forms the dominant social structure and social behaviour for Aboriginal Australia.  Religious 
concepts not only form the philosophical foundation of an Aboriginal cosmology they actively insert 
themselves into the function of daily life.  Although there are many Aboriginal religions, in terms of 
meaning and belief structure, there are certain important spatial similarities.  Certain spatial 
generalisations are apparent from the preceding discussion which offer a means of honing the matrix 
and data analysis (chapters 5 and 6) with probable conceptual structures from the past.  
 
1. Organisation in Australian Aboriginal society is perceptually a schematic representation of the 
Dreaming where certain behaviours were allowed at some places and not at others. 
 
2. Place actively participates in the structure and function of Australian Aboriginal society. 
 
3. The sacred is a value-defined continuum. 
 
4. The spatial organisation of ritual, the connection between people and the Dreaming (1), is 
spatially defined by the value difference related to the sacredness (3) of place (2). 
 
 
4.9  Conclusion 
In order to identify appropriate variables for the analytical portion of this thesis it was necessary to 
understand the pertinent background of the study region.  The first part synthesised the basic 
environmental and archaeological parameters for the BMNP.  It summarised these as an expected 
spatial pattern (ESP, section 4.5) which I think represent the BMNP environmental and archaeological 
norms.  Part II, discussed the ethnographic context for the BMNP region and determined that place and 
a qualitative structure are essential components of Australian Aboriginal religious behaviour.  Such 
generalisation will prove useful guides in organising the matrix, selecting variables and determining the 
methods of statistical analysis in the remaining chapters. 
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CHAPTER 5 – Data matrix and methodology 
The choice is, after all, not between the impossibility of recording everything for 
unspecified purposes and recording only observations relating to specific problems but a 
skilful gamble somewhere in between…. (Clarke 1977:6) 
 
This chapter discusses the basic structure of the BMNP Project data matrix and survey.  The design of 
the database for the BMNP had two main objectives:  
1. create the most complete representation of archaeological and environmental features;  
2. express data in a format suitable for analysis.   
The structure of the analysis in this thesis is based on a geographic model of landscape.  Survey 
methodology for the BMNP Project are focused on practical techniques for:  
1. generating a significant sample content; 
2. the realities of regional survey in difficult environments. 
Specific variables used in constructing the BMNP data matrix are derived from a combination of 
explicit archaeological features, pertinent geographical features, and the general anthropological 
indicators of religious behaviour required by the model (section 3.3.4).   
 
5.1  Behavioural Geographic Models  
The most comprehensive assessment of the BMNP landscape requires a combination of objective 
(quantitative) and qualitative indicators (Golledge and Stimson 1997:400–405).  The chosen objective 
variables are from artefacts that can be precisely measured in some way, such as the number of flakes, 
the size of tools, type of raw material (the what, how, when and where of things).  Qualitative 
variables, which measure likely social perceptions, are more difficult to measure directly but hopefully 
relate to features such as orientation, site proximity, prominence of geographic features (concepts, 
definitions, characteristics, descriptions).  Quantitative measures give arithmetical precision; qualitative 
procedures give an insightful depth of understanding beyond a single measure (cf. Berg 1989:2; Denzin 
and Lincoln 1994:2–4).  It is important to target all available components of the landscape – as a 
holistic expression of space – to try to understand spatial behaviour.58
                                                          
58 Risk and Rituals    Jochim’s (1998) recent analysis of Mesolithic landscape offers an example for the necessary inclusion of 
socially derived (qualitative) variables when analysing spatial behaviour.  In a review of risk based information models, 
Australian Aborigines are noted as incorporating detailed geographic information in their mythologies (e.g., Kelleher 1994), but 
that this information does not seem to parallel other ethnographically based hunter-gatherer, optimal risk, reduction strategies – 
European Mesolithic (Jochim 1998:23).  Jochim hypothesises that such codified geographic information may represent a more 
specialised ecological approach to searching for resources rather than a more generic pure risk model (cf.  Zubrow and Daly 
1998).  The effect of such codified geographic information results in the management of risk, but as Jochim (1998:23, 208) 
suggests social and not ecological factors are the likely causal force behind the organisation of such information.  In other words 
as Rappaport (1967, 1979, 1999) and de Polignac (1984) have shown, social factors rather than ecological factors often act as the 
primary causal force in structuring information.  As Jochim (1998:27) concludes: 
These topics [e.g., social relationships] are important, not simply because they enable us to ‘flesh out the past’ 
and humanize past groups, but also because they may have major impact on those topics we think we can talk 
about more easily – subsistence, technology, and settlement.  Unfortunately, little theory about such topics 
exists to provide a coherent framework for their examination or to generate hypotheses that we can test.  
Discussions tend to be inductive, looking for patterning and offering interpretations. 
  The more information 
archaeologists systematically scrutinise, the more likely we are to identify relationships reflective of 
behaviour (Head 1993:483; Isaac 1981:152).  The approach in this thesis forgoes the traditional 
archaeological models for dealing with spatial behaviour (e.g., Clarke 1977; Jochim 1976; Hodder and 
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Orton 1976; for a review see Wandsnider 1996) in favor of geographical models for the assessment of 
environments (e.g., Golledge and Stimson 1997:387–423).  Archaeological models which focus on 
spatial behaviour tend to generate lists of objective or what was believed to be objective material (e.g., 
McDonald 2000).  These are by and large excellent land-use assessments, but are unlikely to address 
the more subjective or cultural components of a landscape.  They may in fact express the congealed 
cultural perceptions (cf. Clarke 1968) but by expanding the range of information patterns to include 
varied geographic information a more luminous pattern will develop.59
                                                          
59Understanding how social variables impact material culture extends the understanding of behaviour.  As Head (1993:483) 
summarises (see also preceding note): 
There is… a temporal continuum from the distant past (represented mostly by material evidence) to the 
present, where symbolism [perception] is more likely to be preserved and interpretable.  However, it is 
fundamental to the argument …[identifying prehistoric cultural landscapes] that even the most ancient 
transformed landscape is the outcome of various social processes.  These can now be approached only by way 
of surviving physical evidence, used in conjunction with contemporary interpretations.  It is therefore 
necessary to understand the relationship between material culture, social structures and symbolic meanings…. 
 
 In contrast to traditional archaeological spatial models, behavioural geographic models have a 
more fluid subjective component that allow for the possibility that certain types of spatial reality will 
represent transformations of place that extend people’s perception of organisation (e.g., Hillier and 
Hanson 1984; see section 2.4).  As Golledge and Stimson (1997:403) note: 
In most environmental assessment the purpose is not simply to produce a pictorial or 
symbolic record of what exists, but in some way to assign values to the individual and 
configurational content of place. 
 
They continue later: 
… assessment must be conscious of both the physical reality and the transformations of 
that reality that are stored in memory as part of the cognitive mapping process. 
(ibid.:405) 
 
Thus, geographic spatial behavioural models require that principles of abstract materialism (section  
2.4), probable perceptions of the environment, be embedded in the selection of indicators (cf. Head 
1993:483; Jochim 1998:27).  Of course all attempts at geography go through the geographers’ 
perceptions/choices; this thesis is looking for some very special ones.  It is impossible to ‘see’ a 
concept but it is possible to see the activities and spatial entities (Hillier and Hanson 1984:206) 
associated with a concept (ibid.).  As Golledge and Stimson (1997:6) succinctly stated: 
If spatial behaviours deduced by mechanistic examination of the properties of spatial 
systems do not match the empirical reality of the behaviour of people acting in those 
systems, then it must be presumed that factors other than the physical characteristics of 
those systems need to be considered in developing explanations.  There is a need to 
incorporate variables derived from analysis of behaviour within the system.  (my italics) 
 
Interim Summary   To be able to ask questions related to sacred spatial behaviour it is 
necessary to use variables that are likely to result from (or condition) that behaviour.  Geographic, 
spatial behavioural models allow (demand) the latitude necessary to encompass the logical (sometimes 
qualitative) correlates of sacred behaviour.  Even when we, as archaeologists, think we understand 
relatively simple relationships such as economic rationalisation we must be wary of the impact social 
relationships have on supposedly ‘simple’ behaviours (cf. Jochim 1998:26–29). 
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5.2  Matrix and Variables   
Matrix  The basic design of the BMNP data matrix is a binary table of objects (sites) and variables 
(appendix A).  The data set is structured as an indicator matrix which is discussed in the next chapter 
(section 6.2.2.2).  This section concentrates on the variable qualities. 
 
Variables   Golledge (USA) and Stimson (Australia) have generated a very basic four part 
model for environmental assessments which is used in generating the project’s variable list.  The model 
(table below) is significantly different from traditional archaeological spatial models as it encompasses 
both the physical reality and the possibility of an effective abstract reality or subjective cultural 
concepts.  Space itself, or more precisely the differences between places, becomes a necessary and 
important quantifiable variable (cf. de Polignac 1984, section 1.2.5).  
Table 15:  Geographic behavioural analysis of landscape.  Sample of indicators used in 
environmental assessment (after Golledge and Stimson 1997:404). 
1.  Physical attributes  Landforms, landcovers, atmospheric quality, light, 
ruggedness, height, soil type, water quality, water 
quantity 
2.  Landscape attributes Variety of land uses, colour, texture, form, line, 
uniformity, variability, shape 
3.  Subjective attributes Perceived complexity, diversity, harmony, coherence, 
dominance of visible forms, uniqueness, mystery, 
beauty, enjoyment, satisfaction, aesthetic value, 
traditional use value, historical significance, memories 
4.  Human environment interactions Familiarity, travel frequency, land use types, expected or 
planned uses, scale, configurational structure/partition, 
visual perspective 
 
In heuristically attempting to control for functions of a system as a whole, methods must allow 
the inclusion of qualitative components of a system (Golledge and Stimson 1997:16).  If the 
perceptions and organisation of a process-based spatial behaviour need qualitative factors, then to 
identify such behaviour it is necessary to understand the qualitative factors in an explicit manner (cf. 
Kirk and Miller 1986).  This is not as far fetched as it may sound.   
All the matrix does is assume a certain level of subjective normality, which is then measured 
in some statistical fashion – generally a binary measure (cf. section 3.3.3).  By qualifying subjective 
criteria explicitly, the matrix seeks to include the important features which can be shown theoretically 
to correlate with social phenomena (cf. Zonabend 1992).  As shown in chapter 3 (e.g. section 3.3.3) the 
model is defining certain features of social phenomena by their own recurrent history, objectively 
defining a variable not simply creating a ‘rag-bag comprising all things that are not quantitative’ (Kirk 
and Miller 1986:71).  Qualitative research must be as objective as possible.  Qualitative criteria must be 
made transparent and be uniformly applied.  Thus it becomes possible for results to be reproduced by 
others, and to test the validity of any specific relationship. 
This thesis uses qualitative measures for things that can be shown logically to be critical 
aspects of a process-oriented, behavioural relationship.  For example, imagine a person standing on an 
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elevated hill where a lone prominent peak dominates the view.  Is this feature likely to be of aesthetic 
value?  The most probable answer is ‘yes’ and thus it is possible to include the dominance of the peak 
and the focusing of attention as variables (e.g., archaeology: Bradley 1993:26–29; Peatfield 1992:75:, 
Marcus 1992:82; Renfrew 1985:18, 1994a:51; neuroscience: Georges-Francois et al. 1999:197–212).  
However, by separating this subjective variable from other variables (making it independent) it is 
possible to test its influence on the matrix (section 6.3.2). 
 
Data Hierarchy  In this thesis variables (84x) form the basic unit of analysis.  Variables can 
be grouped in categories for more general analysis (such as All Lithic Variables, All Grinding Groove 
Variables, or All Select Topographic Variables), and they can be broken down into specific 
archaeological features (conveniently thought of as the variations between individual types of 
artefacts) for more specific analysis.  Features refer only to one variable.  This hierarchical organisation 
of the matrix and its effect on the statistical analysis is discussed in chapter 6.   
Category [Lithics] 
Variable 
(Matrix No.) 
Variable [Cores] 
(6) 
Feature 
a 
Feature 
b 
Feature 
[Producer] 
Feature 
[Nuclear] 
 
Qualitative Variables  Just under 30% (25) of the database variables are qualitative.  By 
qualifying qualitative research through defined criteria it is possible to attain some measure of control 
on the validity and reliability of the results (Drennan 1996:88–90; Golledge and Stimson 1997:15).  A 
sample of these variables is shown in the table below.  (For a full list and description of variables see 
appendix A.)  
Table 16:  Sample of subjective variables from BMNP Project database (from appendix A). 
Matrix 
No. Variable Criteria/Features 
50 Related to higher peak a visually dominant peak is clearly visible from the site 
51 Related to an elevated topographic feature 
indicates the presence of an elevated topographic feature (e.g., saddle, 
elevated rock platform), the site is either located on such a feature or is it 
located in direct proximity (100 m) of an elevated feature 
52 Secondary feature 
indicates the visual presence of an unusual geographic feature which is not 
the dominant stimulus for attention, such as a mountain peak or precipice, 
but is distinctive or rare enough to cause it to stand out at the local level 
(e.g. standing stone, rock pool, unusual erosion pattern, etc), secondary 
feature is a further measure of a site’s unusual attention-getting aspect and 
follows matrix no. 56 and 57 
56 Naturally demarcated area 
indicates the site location is topographically distinct from the surrounding 
area (e.g., clearing, rock platform, diatreme etc.) where the site areas 
general stimuli are distinctive exhibiting more attention-getting qualities 
than those of common environmental areas 
57 Natural demarcated feature 
indicates the presence of a distinct geographic feature (e.g., unusual stone 
formation, precipice) which is in direct visual alignment with the site as 
seen from an elevated location (if more than one significant demarcated 
feature is present the second gets recorded as matrix no. 52)  
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Objective Variables  The majority of the BMNP project’s variables, just over 70% (59)  
qualify as objective or quantitative.  A sample of these variables is shown in the table below.  
Table 17:  Sample of objective variables from BMNP Project database (from appendix A). 
Matrix 
No. Variable Criteria/Features 
6 Cores at least one of a variety of types of stone cores (e.g. producer, nuclear, microblade, indeterminate) 
7 Cortex indicates more than 10% dorsal cortex is clearly visible on at least one artefact (implement or flake) or that a previous record reports cortex 
11 Smallflakes<=5 (<20>10 mm in length) 
five or fewer whole stone flakes, various fracture types, between 10–20 
mm long 
15 Geometric microliths any number of backed blade microliths, crescentic to trapezoidal and triangular in shape, less than 15mm in width, preform or finished 
18 Quartz  quartz (any type barring pure crystal) 
61 Rock shelter archaeological features are present within a rock shelter 
 
Binary Format  Matrix data is recorded in a binary format, presence or absence of the 
variables, to facilitate multivariate analysis (chapter 6, appendix A).  A binary format required the 
merging of archaeological features into somewhat generic variables (e.g., cores: includes both producer 
and nuclear bodies) so the result is a fairly coarse grained yet logical outcome (cf. McDonald 1994; 
Sullivan 1998).  The rationale and impact of the structure of the variables producing coarse-grained 
results is discussed in the corresponding analyses in chapter 6. 
 
Loading the Matrix  Qualitative measures of subjective criteria must obviously be used with 
caution.  A test of the structural influence the qualitative data has on the matrix indicates no obvious 
detriment.60
It is important to generate a fair evaluation of the environment.  Any environmental 
assessment contains many possible features. The more one ‘loads’ the database towards a specific 
target the more likely the goal will be reached but it is less likely the data will reflect reality.
   
61
                                                          
60 In the analysis (especially section 6.3.2) tests of the general indicator matrix are run which eliminate the subjective variables in 
order  to assess their impact on the matrix structure.  The tests indicate the qualitative variables do not effect the structure but do 
significantly flesh out the material continuum. 
61 Predictive models are good examples of this effect.  Such models limit the type of data they process and have achieved a high 
success rate (e.g., Mithen 1990; McDonald 2000), but the success comes at a cost to reality in that there is little correlation 
between the predicated outcome and actual behaviour.  
  The 
danger that is evident and most often mentioned in discussions about the BMNP Project’s methodology 
(peer comm.) is that, if only those features which are specific indicators are represented in the sample 
as variables a pattern representative of the most prominent is likely to be discovered.  As Renfrew 
(1994a:47) wrote: 
In all attempts to investigate the early past there is a risk that we first conceptualise, 
setting up a whole series of categories of our own construction, and then order our data 
(our observations bearing upon the past) in terms of such categories.  The past is then 
presented in these terms, and it is easy to assume that our description is telling us about 
the way the past was and the way it was ordered.  In some cases, however, all that we are 
seeing is a reflection and an exemplification of our own a priori categories.  
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The way around this circular problem is contained in a two part approach.  First, ask questions 
concerning large scale spatial behaviour (cf. Lynch 1960; Tuan 1977), that is, pose nonspecific 
questions concerning the presence or absence of certain behavioural indicators.  Second, include a large 
and varied set of variables so that it can as blindly as possible encompass all the known physical and 
landscape attributes and yet also include the required specific indicators (Golledge and Stimson 
1997:417).  This approach develops a gross environmental structure that should account for all 
appropriate data with as little bias as possible.  As Drennan (1996:91–97) has shown, archaeologists 
must evenly spread the subjective bias across a large enough sample (ibid.:195) to generate a reliable 
result.  Covering all the bases by including all the information.  
The result of this approach is a very large (418 objects x 84 variables = 35,112 entries), 
holistic data set, capable of answering a specific research question, but also capable of generating the 
opposite result (confirming the null hypothesis).  The probability of locating a specific pattern is just as 
likely as finding the antithesis of the same pattern. This approach results in a real pattern and its 
opposite to compare,62
                                                          
62 The results of the distance matrix (chapter 7) and interpretation (chapter 8) indicated that less than 10% of the matrix is 
consistent with the model of sacred spatial behaviour.  
 not just the one specialised pattern (cf. Drennan 1996).  
It is necessary to target the data that relates to the research question (identifying religious 
spatial behaviour) but it must be able to reconcile this data with a probability based model of spatial 
patterning.  As Isaac (1981:151) commented, it is important to conduct a study of the ‘overall array’ of 
fundamental archaeological information in conjunction with more micro level analyses of activity areas 
so that archaeologists can reconcile anomalous data.  The small picture only makes sense in terms of 
the big picture.  Moreover, due to the very nature of religious spatial phenomena it is only possible to 
see a reliable pattern of behaviour when it is repeated at the regional level; over a large scale of time 
and space.  Hence to identify one pattern or relationship it must be reconciled with the lot.  As Derks 
concisely  (1997:127) stated: 
Any serious attempt to reconstruct systems of ideas and values of a group or society has 
therefore in the end to be related to the experiences of daily life. 
 
It is important to be able to see the rhythm flowing between the mundane everyday experiences and the 
more perceptional (cognised) actions of religion when attempting to identify either realm of behaviour.  
  
Section Summary  The BMNP data matrix is based on a geographic model of assessing 
landscape.  The matrix accounts in some way for both the strictly empirical and also the human, 
perceptual qualities related to the environment.  The variables reflect a holistic archaeological 
interpretation of the BMNP region, also allowing for the specific criteria indicated in the model of 
sacred spatial behaviour.  Like their quantitative counterparts, qualitative variables are listed separately 
so that their influence can be judged at both the micro and macro level.  Rather than simply interpret 
the likely influence a qualitative feature may hold on the cultural matrix, it is included in the matrix in a 
controlled manner to assess its effect as an actual and/or random part of the matrix.  This allows a more 
realistic comparative analysis.  
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5.3  Survey Data   
The BMNP Project matrix is comprised of data from two main sources: 1) previously recorded 
material; 2) results from 1996–2000 field seasons.  The data matrix for the BMNP Project contains 418 
sites (rows).63  106 are new survey recordings and 70 sites have been revisited.  The National Parks and 
Wildlife Service (NPWS) Aboriginal Sites Register (ASR) collection of site files formed the core (c. 
75%, 312 records). All 418 sites were examined in relation to the project’s 84 variables.64
Thus if the ASR information is accepted as a skeletal archaeological foundation for the 
region,
  
Realistic logistics for the BMNP Project meant that it was not possible to satisfy the 
requirement of a significantly large random sample to validate the targeted sample through fieldwork 
(region area being 1200km2).  Fortunately an altogether new sample was not necessary as the NPWS 
ASR data filled this requirement (see table below).  The ASR data in combination with the ESP 
(sections 4.1–4.5) proved an adequate measure of the region’s archaeological population parameters 
(section 6.3).   
The major bias of previously recorded information was its failure to incorporate proximity 
data.  Surveys are often limited to a specific range of archaeological variables (e.g., engraved art or 
shelter sites) or one specific location (e.g., development lots) and often fail to address the larger 
distributional picture (cf. Hodder and Orton 1976:41–52; Holdaway et al.1997).  As Bradley (2000:73) 
noted, field researchers are often concerned more with a specific image than its regional (distributional) 
relationship.  
65
Table 18:  Box review of nonparametric and parametric data. 
 target surveys designed to uncover proximate or ‘off-site’ data will be the most efficient way 
of fleshing out the region’s archaeology (cf. Foley 1981, section 5.3.1.1). 
 
Nonparametric and Parametric Data 
 
Nonparametric Data  While certain levels of bias are present in the NPWS database, its range, purpose and timeframe are so 
varied that in effect the database represents a (nonparametric), assumptionless, set of data (cf. Drennan 1996:79–97)  Every 
single site has assumptions made about it, but as the assumptions themselves vary between sites, between recorders, between 
methods and across time the data matrix’s assumptions are substantially random.  Such nonparametric data are very useful for 
questions relating to nominal information (e.g., a binary source variant, the presence or absence of a variable) because 
distributions can be readily inferred.  Surveys which test for proximate data, material features which relate spatially to 
previously recorded information, are simply an extension of nonparametric design techniques (Kelleher 1997). 
 
Nonparametric data allows the building of a simple population parameter model (e.g., ESP section 4.5).  This model 
can be compared with others to test its reliability and validity as a base for the region (chapter 6).  However the point of this 
thesis is to ask questions beyond the population parameters, to seek information about the perception and organisation of space 
for the BMNP regional population within a synchronic period.  Such a question is quasi-experimental where select criteria (e.g., 
the qualitative variables) are to be used in a comparison with the base regional model (ESP).  The prime means of deriving a 
generalisation about a phenomenon is through parametric data derived by inductive analyses of qualitative methods. (cf. Derks 
1997:126–131). 
 
 
Continued 
 
                                                          
63 All archaeological sites/artefacts in the BMNP project are surface deposits.  The confidence in interpretation is restricted in this 
regard.  Only the surface portion of excavated sites was utilised (if known).  Large scale recordings of surface assemblages in 
general (e.g. Sullivan 1998) and within the Sydney Basin (e.g. McDonald et al. 1994) have shown interpretive strength.  
64 Previously gazetted site recordings for the BMNP Project had to be reviewed individually.  Of the 512 ASR recordings for the 
region only 312 (c. 61%) were validated.  Conformity of information was achieved by transforming NPWS data into the BMNP 
Project data matrix (see Kelleher 1997, NPWS report on migration of data).  Incomplete variable data was given a negative 
identification (0) or added (1) through verification (e.g., site revisitation, documented sources, museum collections).  Other types 
of inadequacies such as the lack of geographic information (e.g., site elevation) not recorded on the NSW NPWS site cards was 
extracted by plotting the existing sites onto a GIS model (Archview) of the region and/or through site revisitation.  Errors will 
result from this process and are noted as a limitation of the interpretation. 
65 This assumption is validated in section 6.3. 
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Continued 
 
Parametric Data (Target Sampling)  Non-probability or parametric data sampling is an effective method when testing 
hypotheses about behavioural correlates of experimental methodologies (Golledge and Stimson 1997:10–22; Patton 1990:195–
198).  It is the best method of identifying a behaviour, once a set of behavioural correlates has been modelled.  When looking for 
specific behavioural trends it proves more effective to choose uniform samples that have or are likely to exhibit the behavioural 
correlates in question (cf. Berg 1989; Kirk and Miller 1986).  This of course does not ensure that the desired patterns of 
behaviour will exist, but it will colour the picture more than random data which may be hidden within the limits of the project’s 
scale (Drennan 1996:95).  For example when looking to identify behaviour based on the spatial proximity of artefacts/variables 
(relationship testing), it is necessary to target data which will reflex such a proximate relationship.  For example, when looking 
for a relationship between indicator variables (A, B, C, and D): 
 
e.g., [(A � 100 m � B � 100 m � D) and C > 500 m] 
 
If only ‘A’ and ‘C’ are found in a random survey the hypothesis cannot be made null nor verified because according to the 
methodology likely areas of data (i.e., ‘B’ and ‘D’) have not been explored.   
              
 
5.3.1  Sampling Procedure 
There are no formulas to cover archaeological, regional sampling (Attenbrow 1987:68; Flannery 
1976b:159–160; Nance 1983; Plog et al.1978:394; Read 1975:60; Schiffer et al.1978).  Each region is 
unique and characterised by its own nuances.  But all research involving regional sampling revolves 
around one central aim; the sampling procedure must be able to locate relevant materials.  Two 
important factors influenced the BMNP Project survey procedure: 1) the nature of research question; 2) 
the nature of the region. 
 
5.3.1.1  Discovery probability and the off-site approach   
The nature of the research question boils down to one central tenet, ‘What are the spatial relationships 
between archaeological features?’  It is necessary to understand what is happening off-site or between 
sites in order to interpret the flow of cultural material.  How significant a particular archaeological 
feature is only becomes apparent by understanding its relationship to proximate cultural features.  
Religious behaviour (chapter 3) is not only characterised by select material attributes, but is structured 
spatially (e.g. GSB, section 3.3.1).  It is of paramount importance to identify not only specific 
variables, but the extended spatial relationship associated with those variables.  Is there evidence of a 
graduated spatial relationship at select places or are variables distributed in an ad hoc manner?  The 
survey procedure must meet this core criterion.   
Because archaeological material represents a spatial continuum of activity (cf. Foley 
1981:157) the classic site as a node of activity (Isaac 1981:131) does not spatially represent the limits 
of behaviour.  It is more important to understand how relationships between these nodes operate via the 
artefacts themselves (cf. Ebert 1992; Gould 1968; Holdaway et al. 1997; Witter and English 2001).66
For example, how may engraving site ‘A’ (generally a known site) relate to proximate open 
site ‘B’ and ‘D’ (previously unknown) when shelter site ‘C’ (a known site) is or is not spatially related.  
 
Following the initial influences of Clarke (1968, 1973, 1977), Foley (1981) and Isaac (1981) it 
was concluded that potential, spatial behavioural information was best collected through an off-site 
approach.  Off-site basically means treating an area containing sites as a siteless unit and recording the 
flow of cultural material within the unit (cf. Dunnell and Dancey 1983; Dunnell 1992; Kvamme 1998; 
Smyth 1998).   
                                                          
66 For a discussion of spatial nodes see Haggett (1965:18) Locational analysis in human geography. 
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Without the knowledge of  ‘B’ and ‘D’ it is virtually impossible to understand the material continuum 
related to ‘A’ and the influence  ‘C’ may exert.   
e.g., [(A � 100 m � B � 100 m � D) and C > 500 m] 
 
In terms of discovery probability, this means it is necessary to undertake a series of targeted surveys 
which examine the links between the more prominent archaeological variables. 
 
5.3.1.2  Logistics   
In structuring the actual field methodology in accordance with the region’s rugged nature, the approach 
was guided by Flannery’s (1976b:159) assessment of jungle survey: 
Attempting to sample the lowland Maya jungle by .5km2 quadrants would border on 
lunacy.  Even if you succeeded in actually doing it, no one would ever believe you… the 
only hope for probability sampling in such tropical areas would be to use transect 
samples….  In some respects, the surveys… along trails… are a form of “transect”. 
 
While the BMNP is not a jungle, its dense vegetation and extreme incised valleys make grid surveys or 
statistically determined random transects impossible.  Luckily as Flannery and others (e.g., Attenbrow 
1987:69–71; especially Ross 1981:148) have found trail transects actually offer a realistic and 
significantly random alternative, which yields a relatively high probability of discovery.67
1. Ridgetops 
 
Following the ESP (chapter 4) and especially Attenbrow’s (1987:67–90) research, the BMNP 
region was broken down into three stratified ecological zones (see also Drennan 1996; Ebert 1992; 
Plog 1976; Plog et al. 1978; Nance 1983).  The three zones are: 
2. Ridge sides 
3. Valley/Gorge bottoms. 
 
Each zone was surveyed using existing tracks or other logical pathways, which could be predetermined 
using detailed maps and aerial photographs in conjunction with a GIS (Archview) plot of existing sites.  
Ridgetops and ridge sides each accounted for 40% of the total area surveyed, valleys and gorges 
accounted for 20%. 
Twelve surveys were conducted between 1997–2000 totaling 17 field days.68
                                                          
67 In particular, transects are most effective when looking for relationships between sites as they have the greatest length of edge 
(e.g., rectangles have greater side lengths than squares) which increases their potential for discovery (Plog et al. 1978:401). 
68 This is the actual survey time (approximately 111 person days).  Twenty days of revisitation/validation and preliminary 
fieldwork are not included in this section.   
  (See summary 
tables below.)  Survey crews ranged from 2–4 persons and the average coverage was 6000 m2 per 
person per day (pp/pd) (2 linear km at 3m2 coverage).  The effective coverage averaged around 1000 
m2 pp/pd (500 m2 per linear km).  Crews consisted of students and volunteers from the Prehistoric and 
Historic Archaeology Department of the University of Sydney, NPWS personnel, graduate 
archaeologists and interested persons. 
Sites are recorded if they have at least one feature from a basic variable comprising a category 
of archaeological material:  lithics (min. 2x), grinding grooves, pigment art, engraved art, stone 
arrangement.  Not all sites will have lithics, not all will have grinding groove, some may have a 
selection of variables from all categories (see data hierarchy, section 5.2). 
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Table 19:  Survey summary information table. 
 
Survey Summary 
• Survey – common topographic name(s) for survey area 
• Survey Area m2 – total square metres covered (1linear km = 3000 m2) 
• Effective m2 Coverage – portion of survey area calculated from visibility percentage (avg. per linear km = 
500 m2) 
• Transect Type – type of path utilised in the survey (see list below) 
• Surface Exposure Type – type of ground surface exposure (see list below) 
• f arch feats – frequency of all archaeological features (survey results only) 
• Density m2/ arch feats – density of effective square metres per archaeological feature 
 
Transect Types 
• Track – any natural or artificial path (fire trails, foot trails, geological path) 
• Contour – prominent changes in slope where escarpments or banks allow travel  
• Rill – gullies cut into the vegetation and or geology indicating transport routes (pass, saddle) 
• Embankment – relatively high ground following a water channel 
 
Surface Exposure Types (transport and lag surfaces) 
• Clearing – open area devoid of dense vegetation, but not scalded; sandy soils 
• Brnt Wdlnds/Hth – burnt woodland and or heath, bushfire has removed the dense vegetation; sandy soils 
• Rocky Slope – slopes running away from the ridge, dense vegetation mixed with rocky surfaces; eroded rock 
shelters and minor lag patches  
• Crest – the highest section of a ridge, sandstone exposure; transport surfaces with minor lag patches 
• Open Rckfce – open rock face, large outcrops of horizontal sandstone; transport surface  
• Swamp – hanging or flat; sandy soils some alluvium deposit; primarily lag surface 
• Drain Head – heads of gently sloping valleys; sandy soils and dense vegetation 
• Ravine – water course sloping away from ridge; benching underlying rock layers; transport surface 
 
 
Table 20:  BMNP survey summary for area, effective coverage, frequency, density. 
No. Survey Survey Area m2 
Effective 
m2 Transect Types Surface Exposure Types 
f 
arch 
feats 
Density 
m2/arch feats 
1 Euroka Clearing/ Camp Fire 
Creek 
12000 4000 Track, Rill Flats, Clearing, Rocky Slope 112* 35.7 
2 Faulconbridge Ridge/ Linden 
Creek 
23000 3833 Track, Contour, 
Embankment 
Crest, Rocky Slope, Brnt 
Wdlnds/Hth, Open Rckfce 
7 547.6 
3 Govetts Creek/ Henson Glen 9600 1600 Rill, Contour, 
Embankment 
Rocky Slope, Brnt Wdlnds/Hth, 
Swamp, Drain Head, Ravine 
20 80.0 
4 Hat Hill/Creek 36000 9000 Track, Rill, Contour Crest, Rocky Slope, Brnt 
Wdlnds/Hth, Open Rckfce 
63* 142.9 
5 Kings Table 32000 7900 Track, Rill, Contour Crest, Rocky Slope, Brnt 
Wdlnds/Hth, Open Rckfce, 
Ravine 
44* 179.5 
6 Lawson Ridge 19000 6300 Track, Rill, Contour Crest, Rocky Slope, Open 
Rckfce 
71* 88.7 
7 Linden Ridge/ Lake Woodford 51000 8500 Track, Contour,  
Embankment 
Crest, Rocky Slope, Rill, Open 
Rckfce, Drain Head 
89* 95.5 
8 Mt. Banks/ Explorers Ridge/ 
King George Brook 
18000 5500 Track, Contour, 
Embankment 
Crest, Rocky Slope, Brnt 
Wdlnds/Hth, Open Rckfce 
37* 148.6 
9 Mt. Charles/ Camels Hump/ 
Lightning Ridge 
22000 3600 Contour, Embankment Crest, Brnt Wdlnds/Hth, Open 
Rckfce 
18 200.0 
10 Mt. Haystack/ Bald Hill Gully 17000 2830 Track, Rill, Contour Crest, Brnt Wdlnds/Hth, Open 
Rckfce 
12 235.8 
11 Pinnacles/ Flat Top 40000 10000 Track, Rill, Contour Crest, Open Rckfce, Rocky 
Slope,  Ravine 
120* 83.3 
12 Woodford Range/ Bedford Creek 54000 12000 Track, Rill, Contour, 
Embankment 
Crest, Brnt Wdlnds/Hth, Open 
Rckfce, Ravine 
257* 46.7 
 Totals 333600 75063   850  
*Frequency of archaeological features does not include previously gazetted features.  
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Site density for surveyed areas averaged 5 sites/km2.  The regional average is approximately 
0.5 sites/km2.  However, rather than rely on the artificially punctuated notion of a ‘site’ to gain an 
appreciation of the region’s material culture, survey densities were recalculated in terms of square 
metres per archaeological feature/artefact (numbers of a specific type of stone flakes, numbers of 
grinding grooves, numbers of hand stencils) giving a more fluid impression to the region’s distribution 
of material culture (see summary Table 20; following Witter and English 2001).  Sites, the row objects 
in the analysis, are a necessary part of the recording method, but were not the focus of the survey and 
as seen later in the thesis do not unnecessarily impede the spatial analysis in chapter 7. 
General Survey Results  Frequency and density were relatively consistent with other findings 
(Attenbrow 1987; Brayshaw 1989a; Brayshaw and Haglund 1995) remembering all features are lumped 
together and the approach method was off-site, surface recording (frequencies will be generally 
smaller).  Smaller logistical-style lithic scatters and small clusters of grinding grooves are the likely 
new features (ESP).  (See appendix A for database listings.) 
The ridgetops were the most rewarding zone.  Relative visibility was high (avg. 2000 m pp/pd 
effective) and archaeological features (individual artefacts) were frequent (c. 400 features).  Grinding 
grooves consisted of 88% of the archaeological features.  Density worked out at 75.2 m2 per feature.  
Ridge sides proved relatively easy to survey along principal contours, although traversing 
between contours could become quite difficult due to steep slopes.  Lithics were the primary feature at 
80%.  Grinding grooves were frequent in rills.  Visibility was low (avg. 500 m pp/pd effective) yet 
archaeological features (lithic scatters) were relatively frequent (c. 350 features).  Density worked out 
at 84.1 m2 per feature. 
 Surveying the valley bottoms was difficult outside embankments and clearings.  Lithics were 
the primary feature at 74%.  Visibility was low (avg. 500–1000 m pp/pd) along flats and better (avg. 
2000 m pp/pd) in clearings, though frequency was relatively low (c. 90 features).  Density worked out 
at 160.6 m2 per feature. 
5.4  Conclusion   
The data matrix (418 x 84) for the BMNP Project is holistic in terms of archaeological material and 
balanced in terms of behavioural geographic features.  It is a balanced approach between what I seek 
and what is in the field (after Clarke 1977:6).  The variables chosen represent the BMNP region’s 
general archaeological and environmental parameters.  The matrix is representative of all 
archaeological features and the variables are chosen to follow a specific indicator model (chapter 3) 
while at the same time allowing equally for opposing trends (the null hypothesis).  It allows a testing of 
the relationships (indicators) between and among material and environmental indicators as they relate 
to cultural behaviour.   
The survey procedure is off-site and is structured to highlight the flow of cultural material 
between places.  Rather than necessarily concentrating on a site, the transects target material leading up 
to and away from places in an attempt to compare clinal patterns across the region as they relate to its 
different geographic and cultural properties.  Does a clinal distribution of material culture represent a 
specific behavioural trend, or is it the result of a fall-off in purely rational activity?  This general 
question guides the analytical analysis in the following chapters.  
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It is highly improbable that the multiple, independent variables which determined the 
form of any item or the distribution of items should be restricted to only one component 
of a cultural system.  This means that data relevant to most, if not all, the components of 
past sociocultural systems are preserved in the archeological record.  (Binford 1968: 22) 
 
Indicator Analysis  The analysis presented in this chapter is different from the average data analysis.  
The results are not final outcomes but indicators which illuminate trends in the matrix.  Indicators are 
pointers representing the tips of trends rather than the bulk of material.  Groups of indicators form an 
index, or model, from which it is possible to explore the extended (often latent) relationships between 
cultural material.  Single indicators are not diagnostic. 
This chapter looks for trends in the archaeological record of the BMNP region.  It primarily 
concentrates on trends related to the model of sacred spatial behaviour.  It seeks spatial relationship 
information indicating: 1) spatial thresholds exhibited by artefacts and or sites; 2) depositional 
formality; 3) attributes for the focusing of attention; 4) iconographic ‘stylistic’ and clinal variation.   
The purpose of this chapter is to identify relationships between and amongst the data which are strong 
but outside the statistical norm (i.e.,ESP).  This chapter seeks to identify relationships which mark 
various thresholds in the distribution of the data; that is, how some objects and variables form distinct 
liminal relationships. 
 
Liminal Data    Liminal relationships in this thesis refer to specific trends in data which are 
decidedly outside the normal range of the cultural matrix.  Limen are selective but not ad hoc in the 
associations they form (see intro. section III).  They constitute formal relationships which contrast with 
the norm.  Significant levels of separation from the norm (via a liminal zone) and strong degrees of 
association between select features are the hallmarks of liminal relationships.  Limen indicate a change; 
a passing from one behaviour to another. Within the model, liminal material (figure below) represents 
features which are different from the norm and represent a pattern in their break from the norm.  It does 
not represent a (sacred or mundane) conceptual pole, nor does it necessarily represent an actual 
transitional liminal zone (which may be primarily conceptual) where material crosses the threshold 
from mundane to sacred. 
Figure 11:  Liminality within the range of material culture (sacred continuum axis). 
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The link between liminality and variable features or groups of features is a measure of the 
distinctiveness and formality of the data.  Two questions are pertinent: ‘Does the data indicate a 
distinctive variable relationship outside the statistical norm?’ and ‘Do distinctive data relationships 
conform to a trend, a formal variable relationship?’  If data relationships identified in this chapter 
answer ‘yes’ to both of these questions, then for heuristic reasons it is assumed the trend indicates a 
liminal relationship.   
Liminal Indicators  Limen are identified in the data matrix when there is evidence that a 
threshold in relation to the regional norm has been breached.  The movement indicated is 
demonstrating selective (formal) rather than merely ad hoc relationships. 
 
 The identification of liminal relationships will open the way for an analysis of the spatial 
distribution of material culture within the BMNP and how this relates to the identification of sacred 
spatial behaviour (chapter 7, distance matrix).  In this regard, this chapter is an important stepping-
stone to spatial analysis.  In describing the liminal indicators this chapter offers some probable causes 
for each trend but archaeologists should not read too much into any one indicator.  Many things can 
cause activities to occur separately or appear distinct.  This chapter simply highlights the significant 
variations in the BMNP archaeological record.  
6.1 Data Analysis 
The material presented in this chapter is statistically descriptive.  It describes what is in the BMNP 
matrix.  Interpretation of the data is left for chapters 7 and 8.  The rationale behind the structure of the 
data matrix, the methodology, was discussed previously in chapter 5 and is itself fashioned after the 
model in chapter 3.  A certain level of data integrity is assumed, so problems with the data (e.g., 
variations in sample sizes) are dealt with statistically not methodologically.  This chapter uses a 
tripartite approach: 
1. proceed in general terms with broad frequencies and a regional level correspondence analysis; 
 
2. narrow the question to a few specific criteria with the aid of n-way crosstabulations; 
 
3. step back and explore the relevance of those findings with another general procedure, multiple 
correspondence analysis, which targets select criteria instead of the entire matrix. 
 
These processes should reveal any latent structure within the matrix pertaining to the model for 
identifying liminal features, which are correlates of religious spatial behaviour.  The approach will 
generate a series of indicators exhibiting the liminality for the BMNP region.  
 The statistical aim of the chapter is to identify within the matrix relationships which are part of 
the norm, but have associations which run against the norm.  In statistics the norm is the average 
performance of a significantly large set of data. (The ‘ESP’ is the model of the norm and the ‘BMNP 
mean’, used during analysis, is the actual norm derived from the frequency matrix).   
By definition not all of material culture fits the norm.  But what does it mean when the reality 
in the field diverges from the expected pattern?  I argue in the discussion that models of behaviour are 
required to understand the distribution of material culture.  This chapter targets the divergent patterns 
within the matrix and examines their extended variable relationships. 
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6.1.1  Chapter Organisation  
The chapter is broken into three parts because the data analysis is fairly long and sometimes deep.   
 
Part I  Background and Foundations 
The first part deals with the statistical procedures and sets out general parameters (general site 
groupings) for the analysis.   
 
Methods of Analysis  This section states the statistical procedures used in the analysis and some 
important considerations when using and interpreting multiple correspondence analysis (MCA).  
 
Site Class Organisation  This section examines the general distribution of objects and variables for a 
heuristically relevant structure.  The data matrix is examined for the presence of general linear 
trends which can be used to break the database into useful class organisations.  The analysis is 
metrically scaled via a MCA.  Tests of random and subjective components are offered.  
 
 
 
Part II  Environmental and Proximity Models 
The second part formulates models (environmental, topographic, proximity) for identifying significant 
trends in the BMNP regional data. 
 
Environment and Proximity Analysis  This section outlines the liminal parameters of the data matrix.  
Models of general trends related to subsistence, relative elevation, selective topography and site 
class proximities are generated to assist the more detailed analysis (Part III). 
 
 
 
Part III  Category Analysis 
The third part collates frequency and multivariate approaches for identifying significant trends in the 
BMNP regional data and identifies the principal liminal aspects of the data matrix.  
 
Stone Material Analysis  This section compares variations in the distribution and variable associations 
of lithic material.  Frequencies are crosstabulated to form raw material assemblages.  These 
assemblages are then collated with site class and relevant distributions (elevation, distance to water, 
class proximities) are examined.  Liminal  aspects are examined via MCA. 
 
Lithic Assemblage Diversity Analysis  This compares implement/debitage frequencies by type, 
material type, size, usewear, and reduction stage, etc.  General comparisons (multi-frequency 
tables) between other categories of analysis are also summarised: e.g., comparisons between stone 
artefacts and engravings, pigment art, grinding grooves, environment, and proximity analyses.  The 
analysis is structured by the identification of liminal features which are then examined via MCA. 
 
Grinding Groove Analysis  This compares axe grinding groove (AGG) frequencies by number, depth, 
structural type, environmental characteristics, and proximity, etc.  General comparisons (multi-way 
frequency tables), between other categories of analysis are also summarised (same as lithic diversity 
analysis).  The analysis details relevant proportions and is then examined via MCA. 
 
Rock-Art Analysis  This compares the frequencies of various artistic techniques by type (engravings, 
drawing and pigment art), variable association, stylistic homogeneity, geographic association, etc. 
General comparisons between other categories of analysis are also summarised. The analysis details 
proportions and then examined via MCA. 
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6.1.1.1  Approach   
Classifying artefacts and attributes for regional analysis must be set to capture a general level of detail 
(e.g., Attenbrow 1987; Witter 1992).  This is especially necessary when using a mix of previously 
recorded and new fieldwork where the intentions and recorded typologies vary.  Because of the 
considerable variation within the existing gazetted record, it was only possible to create a general 
database (i.e., standardised matrix).  Chiefly the presence or absence of variables was sought (‘1’ and 
‘0’) with some degree of detailed information included where possible, utilising multilevel binary 
questions (see section 6.2.2. below; cf. Drennan 1996:112; Weller and Romney 1990:85).  This 
approach as discussed below allows for the application of both multi-way frequencies and 
correspondence analysis.   
This thesis is seeking general trends for the region, not pointed internal differences.  It would 
most likely be impossible to actually see a regional pattern in a fine grained analysis.  As with many 
behaviours the detail exhibits a level of variation which masks the process oriented behaviour.  And as 
is the case with most archaeological material the actual dispersal of detail does not survive, so it is 
impossible to know the actual population from which the data is derived.  A behaviour should slap you 
in the face at a very general level; the accompanying detail should not contradict the process but neither 
should it necessarily demonstrate a confident statistical pattern.   
 
Part I  Background and Foundations 
6.2  Methods of Analysis 
The most effective and robust way to describe the data and seek a linear relationship between objects 
and variables employs descriptive statistics and exploratory multivariate methods.  This general 
analysis has two components: 1) frequencies and proportions; 2) multiple correspondence analysis 
(MCA). 
 
6.2.1  Frequencies and Proportions  
Data frequencies are useful to set up broad generalisations for regional archaeological data (Attenbrow 
1987; Baxter 1994; Clegg et al. 2001; McDonald 1994; Maynard [McMah] 1965, 1976; Witter 1992).  
This is a good way to begin looking for intra-regional patterns of archaeological features.  The analysis 
concentrates on identifying the liminal (abnormal) features within the population of material culture 
(the norm), but often the parameters must be identified to understand the liminal trend. 
The data is only descriptive, and does not predict behaviour.69  Frequency distributions simply 
show trends in patterns of distribution.  They are a very good way of initially inspecting the data.70
                                                          
69 Significance Testing  Frequency analyses are descriptive (proportional) in nature rather than necessarily statistically 
significant.  The trouble with statistical significance in a behavioural analysis is that for many behaviours, such as religion, the 
frequency of actual material indicators is low; that is, the requisite trends may actually form strong relationships but generate 
weak levels of significance. (Statistically, for example chi-square analyses require large sample sizes and small numbers of 
variable/categories to accurately determine significance and conversely confidence.)  
This paradox of interpretation results from samples where the numbers of certain ‘important’ variables are quite 
small, even if the project is large.  The strength of an association within a sample is high but the numbers are low and thus not 
necessarily statistically confident.  One large crucifix may adorn the roof of a church but only one church exists in a village.  If 
many villages are stacked together for analysis the strength of the crucifix-church combination is high but its statistical 
significance (the number of occurrences) remains relatively low.  I endeavor to overcome this paradox in the analysis of the 
distance matrix where it is possible to test the strength of indicators for the effect of randomness.  
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After locating trends, multivariate methods are used to target specific data associations, and structure 
MCA for specific tasks (cf. Baxter 1994:123). 
 This chapter uses the SAS FREQ (frequency) procedure (PROC FREQ).  SAS frequency 
procedures generate one-way and n-way (multi-way) frequency and crosstabulation tables.  Two-way 
crosstabulations measure associations between variables.  For multiple tabulations, n-way tables, the 
SAS FREQ procedure creates a stratified analysis for each stratum as well as row and column data. 
Crosstabulations produce extreme amounts of data, especially with regard to multi-way tables.  (BMNP 
Project PROC FREQ generated over 7000 pages of output.)  The results are summarised in each 
section.  (See appendix B.) 
 
6.2.2  Multiple Correspondence Analysis 
6.2.2.1  Multivariate Analysis   
The multivariate statistical technique used in this thesis is correspondence analysis.  Correspondence 
analysis (CA) is the most suitable method of analysis because it identifies variables which strongly 
cluster (relate); and shows how these groupings relate to specific sites/objects.  CA tests the 
relationships of variables rather than simply testing the presence and absence of a single variable.  MV-
NUTSHELL (Wright, R. 1992) is the CA package used in this thesis as it is simple to operate and 
familiar to the University of Sydney Prehistoric and Historical Archaeology Department.  The 
background for CA in archaeology is discussed by Baxter (1994) and Wright (R. 1992) and will not be 
reviewed here.71
6.2.2.2  Multiple Indicator Matrices 
  However as the data matrix constructed for the BMNP Project requires a multiple 
correspondence analysis (MCA), some of the special circumstances related to the application of MCA 
warrant discussion. 
 
Relationships based on the frequencies of selected multi-way variables present a problem for simple 
CA (Greenacre and Hastie 1987; Greenacre 1988, 1990).  Dummy variables in the data matrix 
generally stretch the geometric relationships calculated by CA.  Three important limitations of multi-
way categorical analysis could be important:   
1. the special structure of indicator matrices;  
2. low percentage of variation in the principal inertia;  
3. non 2 metric relationships between points (whose plots exhibit a distorted mathematical 
position).  
 
The good news is that the limitations associated with MCA do not change the interpretation of the data 
plots, but the limitations need to be acknowledged and understood (cf. Greenacre 1988). 
‘Multi-way data’ means that any single category has more than one variable.  In a multivariate 
analysis this can be handled statistically by creating what are known as multiple indicator matrices 
                                                                                                                                                                      
There is no real point in testing the significance of vast differences between categories of data unless I think it may be 
the result of sampling error.  If there is large variation in sample sizes then significance levels reveal nothing about rates of error, 
degrees of deviation, or strength of relationship.  The analysis uses a general  rule of thumb:  
1. the differences between categories are not blatantly obvious (meaning there is a possibility for formally derived 
statistical error); and  
2. the sample of variables is large enough, then statistical significance should be sought (e.g., Cowgill 1977; Drennan 
1996).   
70 A basic understanding of a matrix is crucial before attempting multivariate analyses, which are exploratory analyses. 
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suitable for multiple-level correspondence analysis (MCA) (Baxter 1994:123; Greenacre and Hastie 
1987:443; Weller and Romney 1990:85).  Such matrices indicate the degree of presence of selected 
variables.  MCA uses the same algorithmic application as simple CA, only the matrix is different. 
Multiple indicator matrices occur when single categories (e.g. lithics) are broken into mutually 
exclusive variables, each of which is given a separate column (Table 21).  This approach is used to 
identify densities of various artefacts, relative elevations, and relative distances to various geographical 
features.72
Table 21:  Multiple indicator matrix in binary code. 
  The number of variables per category can vary (e.g., 3,4,5 or more) without undermining 
the integrity of the indicator matrix (Weller and Romney 1990:85), so there is no need for a rigid 
format.  Variations in features separate one variable from another (section 5.2). 
Multiple Indicator Matrix 
 Categories 1 2 3 
  (Matrix) Variables 1 2 3 1 2 1 2 3 4 
Objects 1  0 0 1 1 0 1 0 0 0 
 2  0 1 0 1 0 0 1 0 0 
 3  1 0 0 0 1 0 0 1 0 
  
Proportion of Inertia  ‘Inertia’ is the amount of variance in the data and is a geometric 
interpretation of the amount of significant deviation (the 2 statistic) in a CA (and MCA).  The total 
quantity of variation in a CA is called the total inertia.  The primary inertia, the first two eigenvalues, 
are called the principal inertias.  There is generally a high fall off rate after the first two dimensions, so 
the majority of two dimensional variance is accounted for in the principal inertia.  Inertias are given as 
a proportion of the total (eigenvalues).  
The higher the indicated proportion the greater the contribution to inertia or the better the 
representation.  However, MCA generally has a much lower inertia explained by the first two 
dimensions than simple CA (Greenacre 1990:250).  The multi-way construction of the matrix causes 
the unit points to move to extreme positions that cannot be found in the data set itself (Greenacre and 
Hastie 1987:443).  The maximum variance is still expressed in the principal axes, principal inertia, but 
it does not fully account for the remaining multiple eigenvalues.  According to Greenacre and Hastie 
(ibid.) ‘the presence of these redundant eigenvalues is to lower the percentage of inertia’ and should be 
‘ignored’ as they contribute little to the interpretation.  What this means according to Baxter 
(1994:125–126) is that while simple CA and MCA are ‘essentially equivalent’, the proportion of inertia 
is ‘misleadingly small, so that the quality of display… is somewhat better than the figures suggest.’  
Thus MCA inertias are small but the actual variance they display is quite high.  
Greenacre (1988) offers a rather tedious method for normalising the measure of inertia in 
MCA, with the result being a significant increase in inertias (in his example from 45.8% to 90.4%).  
                                                                                                                                                                      
71 For a statistical review of correspondence analysis see Greenacre (1984, 1990), Greenacre and Hastie (1987) and Weller and 
Romney (1990). 
72 At first a stacked MCA matrix was deemed most appropriate, where the topographic sub regions described in section 4.1 and 
4.5 were segregated into individual matrices (three matrices instead of one).  This would have allowed for comparisons between 
sub regions as well as rows and columns (cf. Stockton 1993b:58–59; see section 4.3).  As the project developed however the 
variation in data recording made this approach overly selective and it was decided that one large matrix had less inherent bias. 
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The two-dimensional plot itself is unchanged but the traditional measure of variance is now 
normalised. 
All this means is that the primary eigenvalues are the best geometric interpretation of variance 
in an MCA and are an adequate measure of variance despite a low principal inertia.  The analyses in 
this theses offer a measure of the principal inertia (section 6.2.2.4, Table 22 below) but do not attempt 
to normalise it.  Normalisation is not easily achieved and does not change the meaning of the results.   
It is necessary to make sure that the first two dimensions are in fact the principal measures 
they claim to be.  Do the first two eigenvalues represent the significant proportion of the variation? 
Examination of a scree plot (figure below) of the fall off between the second and third eigenvalues is 
usually a sufficient test.  Only the first two dimensions are plotted in this thesis. 
Figure 12:  Example of the format of principal inertia. 
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This chapter uses a large number of MCA, therefore for convenience a numerical alternative is offered 
instead of  plotting every eigenvalue profile.  In the above figure the principal inertia (EV1 and EV2) is 
61%.  The third dimension (EV3 – 7) represents a clear fall off.  Another way of stating this is to list 
the first three dimensions: 42 : 19 : 7.  Rather than a scree plot, the first three dimensions are used to 
describe the inertia.  This will reassure the reader that the best possible two-dimensional plot is always 
the one on view.  (For transparency the eigenvalues for each MCA are listed in appendix C).  This 
numeric representation is referred to as the PIE score (principal inertia eigenvalue).  (See section 
6.2.2.4 below.) 
 Chi-square 2   The second limitation with MCA is that it is not a natural chi-square (2) 
metric relationship.  Simple CA is the geometric interpretation of the 2 statistic, which means that the 
geometric relationship between the row and column profiles is the actual representation of a true metric 
relationship.  The vertices of an MCA, unfortunately, do not give the true positions of data (Greenacre 
1990:253).  Statistically this is a problem because 2 measures cannot be recovered from MCA as they 
would from simple CA.  Another tedious process, rescaling, is needed to adjust the vertices to better 
approximate the 2 distances between points.  Fortunately for archaeologists the unit point vertices, 
while not their true mathematical position, are in a natural position relative to each other.  Hence, 
rescaling the positions of unit points does not significantly affect the relative position between the 
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points (Greenacre 1988:465). Visual inspection of the relationships between row profiles and column 
profiles does not change the general interpretation (Greenacre 1990:253). 
 The limitations of MCA in this analysis do not affect the interpretation of the scattergrams.  
MCA is a tool for interpretation; it is not the end result of an interpretation. 
 
6.2.2.3  Detrend Correspondence Analysis   
CA (MCA) can describe an underlying pattern in data, but it is heavily influenced by rare variables.  
For this reason, according to statisticians it is important to trim data which exhibits influential outliers 
(cf. Weller and Romney 1990).   (For archaeologists this is fine so long as we investigate any relevant 
archaeological significance, if any, in the data we trim; see below, also appendix D.)  The approach is 
known as detrend correspondence analysis (DCA).  As MCA is the default setup in this analysis, DCA 
is really DMCA but for simplicity it is referred to as DCA. 
Detrending data is a nice way of describing the trimming off of all the inconsiderate outliers 
which are wreaking havoc with the plot.  For this reason I think trimming data is like performing 
surgery, it should only be done when absolutely necessary.  Archaeologists (e.g., Wright, R. 1992:31) 
know that strong (important) archaeological data often have low statistical significance.  Such data will 
generate strong outliers in a CA, but these are important because they are an actual part of the 
assemblage.  In terms of behaviour small things can have big effects.  However, Wright (ibid.) 
concedes that if the trend a researcher is interested in is being masked by outliers ‘you can leave out the 
rare attributes or poorly described objects.’  But the question remains, ‘Do you detrend?’ 
Detrending offers the most clear plot of rows and columns.  Scattergrams make most sense 
when statistically insignificant variables are removed.  If the presence of a handful of variables is 
masking the structure within the majority of data (generating an extremely tight cluster) then 
detrending the data will help.  The figure below is a MCA of the row profile for ‘quartz only’ 
(appendix D).  The first plot displays as unmodified MCA, the second is a DCA with the result of the 
principal cluster spreading out into a more clear relationship. 
Figure 13:  Unmodified and DCA object plot comparison. 
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According to the frequency analysis (section 6.5) the bulk of the quartz relationships are clustered in a 
fairly tight group.  Outliers such as variables ‘isolated finds’ and ‘large modified flakes’ in the above 
unmodified plot add little to the understanding of the main cluster.  By removing these variables the 
spread of relationships within the majority cluster become more apparent.  It is possible to dispense 
with data once it is understood and its effects are accounted for (e.g., the outlying ‘isolated finds’ 
pushing the data into a cluster which masked the more detailed relationships between proximate quartz 
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related variables; see appendices C and D).  As this project is only interested in the movements within 
the main cluster(s) the outliers are removed.  The assumption is that the outlying data is not beneficial 
to the understanding of the quartz relationships.  This is recognised as a limitation but a necessary step 
for the analysis (otherwise it would not be possible to see the underlying relationship between the 
principal ‘quartz’ related variables).  
In the bulk of the analysis, apart from the site class analysis (section 6.3), the MCA are 
targeted at specific row profiles.  That is, once the significance of certain rows is determined (after the 
frequency procedure) the analysis proceeds with the MCA to uncover the extended associations of 
those rows.  In these cases, the outliers are not offering strong or important information.  The rows 
themselves (relating a certain column association – ‘quartz only’ above) are the source of strong 
information; they were previously identified by the frequency procedures as the liminal aspects of the 
specific analysis.  Thus the analysis is not interested in the outliers associated with the targeted rows; 
instead it is investigating how the bulk of the targeted rows are distributed among the principal 
variables.  Where the MCA is targeted at select (frequency determined) row profiles, a DCA is 
warranted and helpful. 
For the purpose of this project data outliers (variables) were trimmed (clumped if possible) if 
they occurred in less than 5% of the sample (comparison see McDonald 1994:182).73
6.2.2.4  MCA Codes 
  As with all CA, 
MCA automatically eliminates objects/variables when they have no association (0%) or complete 
association (100%).  Because this chapter is only concerned with highly significant relationships, 
detrending the MCA did not affect the outcome, it only made it clearer.  Both unmodified MCA and 
DCA were run to achieve the best results (see appendices C and D).   
 
For transparency, revised listings of variables (column data) and objects (row data) for each DCA are 
recorded in the format shown in the table below.  The detrend number (DCA) indicates the number (n) 
of trimmed variables.  Specific listings of trimmed variables relating to each MCA are found in 
appendix C.  The indicator matrix (IM) for each MCA is a measure of objects by variables (O x V).  As 
discussed above, MCA inertia is given a score relating the principal inertia and the change between 
eigenvalue proportions (PIE). 
Table 22:  MCA code table for indicator matrix, DCA and principal inertia. 
 
MCA Code Table 
 
• Indicator matrix (IM) is the number of rows by the number of 
objects in a MCA:  
 
IM O[n] x V[n] 
• Detrend correspondence number (DCA) is the number of 
trimmed variables:  
 
DCA [n] 
• Principal inertia and the measure of eigenvalue change (PIE) is 
given in proportions, the first two being the principal inertia and 
the third measure indicating degree of variation:  
                                                          
73 Variables with a low (<5%) occurrence were clumped into the most like category.  When an entire category of information 
(e.g., all lithics, all rock-art, etc.) still retained only <5% occurrence the information was eliminated from the DCA. 
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PIE score EV1 : EV2 :  EV3         
• Example: The MCA found in figure above for ‘Quartz only’ 
generates the following score: 
 
IM 27 x 59;  DCA 25;  PIE 18 : 11 : 9 
 
 
6.2.2.5  MCA Format 
The following sections illustrate many MCA as scattergrams.  The same format is followed for each 
graph.  In general terms each MCA will have two graphs, column (variables) and row (objects), which 
are essentially one geometric interpretation of the data separated into the two graphs.  Only the first two 
components are ever graphed.  The figure below depicts the scattergram format, the bullet summary 
following the graph outlines the descriptive interpretation accompanying each MCA section. 
Figure 14:  MCA scattergram format. 
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1. Description of the MCA codes, indicator matrix (IM) relationship, detrend (DCA) number 
(if applicable), principal inertia score (PIE). 
 
2. The row profile, generally the first graph, describes the ordination of objects (row points).  
Row profile labels are given in a table which accompany each MCA.  
 
3. The column profile, generally the second graph, describes the ordination of the variables 
(column points).  Column profile codes are the BMNP matrix variables (Table 24, section 
6.3.1). 
 
     Three general observations follow each MCA: 
 
4. Axial interpretation.  Describes the spread of row and/or column data as it relates to the 
primary axis (1st component) and the secondary axis (2nd component). 
 
5. Metric interpretation.  Describes the clustering of row and or column data. 
 
6. Geometric interpretation.  Compares the overlay of row and column profiles as they 
would appear on a single plot (biplot), that is, the geometric relationship between column 
and row data. 
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6.3  Site Classes and Categories 
The material is broken down at this initial stage into four or six site categories (depending on the 
variables to be tested) which are the rough equivalent of generalised site types.  Designation of site type 
or site class which are purely heuristic, have no bearing on the final interpretation.  Analyses using site 
breakdowns are descriptive.  They help organise the data for the second part of the analysis. 
The initial determination of site categories was derived from an examination of the raw data in 
relation to the ESP (section 4.5) and a general MCA of the BMNP matrix variables (Figure 16).  This 
analysis produced four main categories roughly equivalent to the four distributional quadrants (below) 
and two sub categories of significant relationships.  These classes were used as labels in subsequent 
row profiles (e.g. Figure 15).  The raw data is summarised by category in appendix B. 
A 
(-+) 
B 
(++) 
C 
(--) 
D 
(+-) 
 
The data as a whole is much too large for a single plot to be interpreted meaningfully, but the general 
trend in variance is useful in the further investigation via subplots (sections 6.5–6.8). 
The categories identified are: Axe grinding and Engraving sites (AGGEGV); 
Multidimensional – shelter sites (MULTIDIM); Unidimensional – single use open camp sites 
(UNIDIM); Transit –  generic open sites (TRANSTMP).  Sub categories are: Paintings – pigment art 
sites (both drawings and paintings, PAINT or Pt); Engraving sites (EGV).  The categories are 
summarised in the table below.  
Table 23:  General classifications codes for analysis.  SAS analytical categories, site classes, class 
and chart category numbers, and chart category names. 
SITE CLASS CATEGORIES, MCA CODES, NUMBERS, CHART NAMES 
SAS 
FORMAT 1 
BMNP 
(norm) AGG ENGRAVE MULTIDIM* PAINTING*+ TRANSIT UNIDIM 
MCA CODE N/A A E M P T U 
CHART 
NAME BMNP Agg Egv Multi PAINT or Pt TT Uni 
NUMBER 418 131 24 108 53 51 51 
SAS 
FORMAT 2 BMNP AGGEGV MULTIDIM TRANSTMP UNIDIM 
NUMBER 418 155 161 51 51 
*STENCILS (n25) form a sub group of MULTIDIM and PAINTING. 
+PAINTING includes all forms of pigment art (e.g., drawings etc.). 
 
 
 
6.3.1  Site Class MCA the Exploratory Regional Analysis 
This analysis examines the entire indicator matrix in a single MCA.  Figure 15 (three pages below) 
displays the object positions (row profiles) of the BMNP.  This figure displays the object positions as 
they relate to all 84 variables.  Table 24 (below) lists the codes for each variable.  The corresponding 
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variable positions (column profiles) are found in Figure 16 (three pages below).  The IM for the figures 
is 418 x 84, no detrend is applied and the PIE score is 14 : 8 : 4. 
In an axial interpretation of the row points, Figure 15, the primary axis divides Multidims (M) 
and Paintings (P) from Axe grinding (A) and Engraving sites (E).  Along the secondary axis Paintings 
are negatively correlated to Transit (T) classes, Engravings are fairly homogenous, Unidims (U) run the 
length of the first coordinate and are split by the second dimension, significantly less than the first.  
The axes display a linear continuum (the classic MCA arch) marked by the dichotomy created along 
the primary axis.  All this adds up to a fairly good spread of data. 
In a metric interpretation, the identification of clusters, the second dimension shows high 
levels of homogeneity for Axe grinding and Engravings.  Transit and Unidim classes display poor 
levels of discrimination.  (These can be interpreted as buffers between the more homogeneous  
Multidim and Painting classes separated by Unidims, or between Multidim and Axe grinding/ 
Engraving classes separated by Transit site classes.)  Paintings are clearly homogeneous, while 
Multidims cluster in groups rather than a single unit. 
In a geometric interpretation comparing the row and column profiles it is obvious that the 
primary axis is seriating site class by variation in topographic elements and the secondary axis is 
generating vertical spread in relation to the primary assemblage variables/features.  Classes are being 
separated by where they are, and what material their assemblages contain.  
 In the column profile, the more visual elements of geography tend to be negatively associated 
with the subsistence elements.  Defining features associated with variation in site class (above) are also 
negatively coordinated along the primary axis.  Open sites for instance are in opposition to shelter sites.   
The small number of clusters of column points around the centroid indicates a well 
proportioned matrix.  The row/column points at the opposite ends of the primary axis almost repulse 
each other.  The vertical spread of column points is associated with relatively diverse and rich 
assemblages.  Multidims for instance spread vertically by their strong association with lithics or 
paintings.  
The ESP and the exploratory MCA match fairly well.  There are some fairly obvious divisions 
in the data along topographic and artefactual lines.  Within the matrix, for example, there is a simple 
linear relationship, a regional continuum, based on the location and type of cultural material.  As 
expected, different parts of the region have different treatments. 
At this point it is interesting that the division along the axes of row profiles is not more 
conclusive.  If the site types and usage identified in the ESP are statistically strong then more rows 
should cluster, and the linear nature of the MCA should create an even more pronounced arch.  The 
obvious repulsion between opposite ends of the environmental and cultural material spectrums which is 
seen in the quadratic focuses of the scattergrams is being undermined by the apparent close association 
between mini groups of objects and variables, which should generally oppose one another.  For 
instance in the row profile, quadrant ‘B’ near the secondary axis, there is a grouping of various site 
classes.   
Evidently there is another level of association not being accounted for by the general site class 
division of cultural and environmental features.  Variable relationships which can not be identified at 
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this general level are influencing the profile.  These variables (and not site based associations) are 
likely to be the liminal associations this chapter seeks to understand. 
 
Table 24:  MCA variable codes. 
n. Variable MCA Code n. Variable MCA Code n. Variable 
MCA 
Code n. Variable MCA Code 
1 Points/ Blades 
<=5 
  PtBdle5 22 Cluster (tools, 
flakes) 
  ClsterFk 43 High relative 
elevation 
  HhReElv 64 Low heath   LwHth 
2 Points/ Blades 
>5 
  PtBdg5 23 Scatter (tools, 
flakes) 
  SctterFk 44 Water <100 m   H2O100 65 Grass/ Heath 
clearing 
  GrsHth 
3 Axes   Axes 24 Isolated find   IF 45 Water >100 m 
<500 m 
  H2O1_5 66 Woodlands   Woodlds 
4 Tools misc. 
<=5 
  Toolle5 25 Stone 
arrangement 
  StnArg 46 Wells >2 =<10 
m 
  Wells 67 Swamp   Swamp 
5 Tools misc. 
>5 
  Toolg5 26 AGG <=5   AGGle5 47 Orientation N-S   Ort_NS 68 Open rock face   O_RckFce 
6 Cores   Cores 27 AGG >5 <20   AGGl5g20 48 Orientation E-W   Ort_EW 69 Hawkesbury 
Sandstone 
  HwkStne 
7 Cortex   Cortex 28 AGG >=20   AGGge20 49 Access 
orientation 
  Across 70 Narrabeen 
Sandstone 
  NrrbStne 
8 Large flakes 
<=5 (>20 mm 
in length) 
  LgFkle5 29 AGG linear 
complex 
  Agline 50 Related to higher 
peak 
  RdHhPk 71 Visible from 
>1000 m 
  Vis1000 
9 Large flakes 
>5 
  LgFkg5 30 AGG clustered 
complex 
  Agclustr 51 Related elevated 
topographic 
feature 
  RdElvTFt 72 Visible from sites 
elv. >600 m 
  Vis6_1k 
10 Large 
modified 
flakes 
  LgMdFks 31 AGG depth 
<=15mm 
  Agdple15 52 Secondary 
feature 
  ScndFt 73 Visible from sites 
elv. <600 m 
  Vis600 
11 Small flakes 
<=5 (<20>10 
mm in length) 
  SmFkle5 32 AGG depth 
>15mm 
  AGdpg15 53 Spur or Cliff 
<25m 
  CliffSpr 74 180 degree 
visibility 
  180_Vis 
12 Small flakes 
>5 
  SmFkg5 33 Engravings <=2   Egvle2 54 Slope <20 
degrees 
  Slpl20 75 Access to 
subsistence <1hr 
  AccSub 
13 Small 
modified 
flakes 
  SmMdFks 34 Engravings >2   Egvg2 55 Slope >20 
degrees 
  Slpg20 76 Access to 
subsistence>1hr 
  NoAccSub 
14 Waste flakes 
>2 
  WsteFkg2 35 Engravings 
>2& <=2 motifs 
  
Egvm2m2m 
56 Naturally 
demarcated area 
  
NatDemAr 
77 Complex of sites   Cmplx_St 
15 Geometric 
microliths 
  GeoMic 36 Hand stencils   Stencils 57 Natural 
demarcated 
feature 
  
NatDemFt 
78 Site size >100sqm   Size100 m 
16 Retouch/ 
Usewear 
  Ret_Use 37 Paintings/ 
Drawings <=2 
  Ptgle2 58 Subsistence 
material area 
  SubMtAr 79 Proximity of 
multi-dimensional 
site 
  PxMulti 
17 Mudstone/ 
Chert/ Silcrete 
flakes 
  MSC_Fks 38 Paintings/ 
Drawings >2 
  Ptgg2 59 Shelter <100 m   Shltr100 80 Proximity of uni-
dimensional or 
transit site 
  PxTrTpUn 
18 Quartz flakes   Q_Fks 39 Paintings/ 
Drawings >2& 
>=2 motifs 
  Ptgm2m2m 60 Shelter >100 m 
<1000 m 
  Shltr1km 81 Proximity of 
engravings 
  PxEgv 
19 Basalt flakes/ 
cobbles 
  
B_FksCob 
40 Elevation <600 
m 
  Elv_600 61 Rock shelter   RckShltr 82 Proximity to 
paintings 
  PxPtg 
20 Ochre nodules   Ochre 41 Elevation >600 
m <800 m 
  Elv6_8 62 Quarry <1000 m   Qry1km 83 Proximity of >20 
AGG 
  Px20AGG 
21 Complex   
ComplxFk 
42 Elevation >800 
m 
  Elv_800 63 Ravine or river 
flats 
  RavRivAr 84 Proximity to stone 
arrangement 
  PxStnArg 
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Figure 15:  MCA for the BMNP 418 objects. 
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Figure 16:  MCA for the BMNP 84 variables. 
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The remaining analysis aims to extrapolate these variable relationships.  The data is 
encouraging; the data maps conform to general expectation.  Unfortunately at this stage the information 
displays meaningful but arbitrary significance due to the classification of sites.  The MCA does not 
specifically indicate what the differences and similarities are within classes.  It is only useful as a 
general guide.  In order to flesh out the specific relationships within the data, to understand past 
behaviours, it is necessary to run a series of frequency analyses tempered with targeted MCA.  The 
exploratory MCA has primed the analysis for investigation. 
 
6.3.2  Random and Qualitative Influence on Variation 
Two questions arise when analysing data with a MCA: ‘How real are the distributions of objects and 
variables?’ and ‘Do the more subjective variables heavily influence the ordination?’  These questions 
go to the heart of MCA reliability.  An MCA can be misleading if certain attributes have greater 
influence on the final outcome just because they are rare (see DCA section 6.2.2.3 above).  Although 
the exploratory MCA for both objects (Figure 15) and variables (Figure 16) displays very solid trends 
in ordination, it is important to assess possible data bias within the technique.  
 The classic parabolic problem arises when analysing behavioural correlates with MCA.  If you 
throw a dead bird in the air it will emulate a perfect parabola, demonstrating nicely the laws of physics, 
statistics and mathematics.  If you throw a live bird in the air it flies away.  MCA is like trying to 
analyse the live bird’s behaviour within the realm of numbers.  The trick is to find the attributes that 
relate to bird flight (behaviour) and yet still indicate significant levels of ordination.  It is necessary to 
target the part of the parabola that balances significant occurrence with better than average probability 
(figure below). 
Figure 17:  Parabola of correctness. 
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To achieve this goal the matrix included measures of qualitative attributes (chapter 5) which 
relate to specific aspects of sacred behaviour (chapter 3).  It was also constructed an indicator matrix 
capable of expressing both the population parameters and qualitative measures (chapter 5).  So the data 
matrix is holistic, capable of targeting the probable indicators of sacred behaviour (found in the target 
zone of the above figure) but able to generate more than that specific outcome.  It should also generate 
the opposite and a mean for comparison.  The question now becomes; Is the BMNP data ‘dead’ enough 
or is it too ‘flighty’? 
 To answer this question a series of exploratory MCA were conducted: to test row and column 
variance 1) both objects and variables were cut into random halves (Figures 18 and 19 [IM 209 x 42]);  
2) to test the influence of qualitative attributes the 18 principally qualitative variables were removed 
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and the remaining 66 were run against a random half of the objects (Figures 20 and 21[IM 209 x 66]).  
(See appendix C.) 
Figure 18:  Exploratory MCA random half object plot. 
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Figure 19:  Exploratory MCA random half variable plot. 
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Figure 20:  Exploratory MCA non qualitative random half object plot. 
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Figure 21:  Exploratory MCA non qualitative random half variable plot. 
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The two-dimensional plots of each MCA were analysed.  Both the random half MCA (Figures 
18 and 19) and the non-qualitative random half MCA (Figures 20 and 21) displayed a similar 
ordination to the general regional MCA (Figures 15 and 16) which indicates that the general regional 
MCA is a good representation of the data and that it is not being unduly influenced by subjective data.  
An axial interpretation of both MCA experimental row profiles indicates a good linear spread 
for both sets of row points which demonstrates the equivalent dichotomy between points (site classes) 
that was evident in the general regional MCA (Multidims and Paintings opposed to Engravings and 
Axe Grinding in the first dimension; Unidims separating Multidims and Paintings in the second 
dimension; Transit class separating Multidims and Axe Grinding/Engravings in the second dimension). 
A metric analysis of the rows for both MCA indicates that the clusters in the non-subjective 
(non-qualitative, Figure 20) plot are tighter than those of the random half which includes subjective 
variables (Figure 18).  This is to be expected as the subjective variables are designed to bridge the gulf 
between clusters (site classes) while maintaining the integrity of the different cluster.  This shows that 
the variables are adding description without significantly altering the structure (primary ordination) of 
the matrix.  Similar groupings are evident for both MCA experimental row plots and the general 
regional MCA. 
A geometric interpretation of the row and column profiles for both experimental MCA 
indicates the same negative ordination for variations in geographic features and for artefacts.  The same 
linear sequences  (high vs. low elevation, primary stage vs. secondary stage lithics, painting vs. 
engravings) that are found in the general regional MCA are seen in both experimental MCA.  The 
overall low clustering around the centroid is indicative of a good spread (apt descriptions) of variable 
categories. 
 
Section Summary   The test MCA all indicate that the initial trends identified by the general 
MCA is an accurate picture of the data.  The relationship between rows (objects) and columns 
(variables) is confidently similar.  Moreover what is most encouraging is that the plot of non-
qualitative ordination (Figures 20 and 21) closely follows the general MCA.74
 
  Even when the more 
contentious variables are removed the matrix still produces a very similar result.  The more subjective 
data it seems is adding texture and description to the general regional data but is not heavily 
influencing the ordination of the more qualitative variables.  Analysing the data in terms of the 
identified sites classes for correlates of liminal relationships, therefore is not only possible and valid, 
but also probably a productive approach. 
                                                          
74 Tests removing a broader selection of qualitative variables (25) revealed no additional significance. 
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Part II  Environmental and Proximity Models 
This second part begins the search for liminal trends by examining the detailed associations within the 
BMNP data matrix.  Section 6.4 looks at general environmental and site class proximity data.  Four 
models relating subsistence features, elevation, topography, and site class proximity are established as 
guides.  The organisation of this second part follows that set out in the introduction of this chapter. 
The six site class categories (Table 23) are carried over to facilitate a useful breakdown of the 
data.  These are merely general guides and not actual descriptors of the data itself. 
1. AGG – open sites consisting primarily of axe grinding grooves. 
2. Engrave – open sites consisting primarily of engravings. 
3. Multidim – shelter sites and/or evidence of heavy occupation. 
4. Paintings – shelter sites with pigment art. 
5. Transit – open sites consisting primarily of light occupation material in open locations. 
6. Unidim – open sites consisting primarily of one type of stone artefact. 
 
Liminal features are defined by a relatively formal (not ad hoc) movement of matrix variables towards 
distinctive patterns of associations.  This indicates a threshold with related behaviour moving away from the 
regional norm towards a more select behaviour, such as religious behaviour.  
 
Identifying liminal patterns related to site distribution offers an introduction to the analyses 
which follow (sections 6.5 – 6.8).  In most ways it is fairly basic: What is in the environment?  What 
are the liminal features of the environment and how do these relate to Aboriginal cultural material?  
This information is simple but important to the matrix. 
6.4  Environment and Proximity Analysis 
Choice of site location is informative about site function.  Understanding how sites are distributed in 
relation to environmental variables is an important step in understanding the flow of cultural material in 
the BMNP.  In addition, understanding the general associations between site classes/variables, that is 
the geometric proximity between archaeological features, indicates how activities (e.g., section 6.6) 
form spatial relationships.  Current models of occupation in the Blue Mountains (chapter 4, especially 
the ESP) are adequate measures of the archaeological parameters of the region.  The aim in this section 
is to expand the focus of this model to encompass the liminal regional features. 
 This second part generates models related to: subsistence features (6.4.1); elevation and 
distance to water (6.4.2); select topography (6.4.3); site class proximity (6.4.4).  These are box 
models of specific regional features which help to clarify important regional trends related to the 
general model of sacred spatial behaviour in chapter 3.   The box models are statements, derived from 
frequency analysis of the regionally specific indicators, needed to perform the extended analysis in part 
III.  Such models make possible a more detailed breakdown of the distributions related to: raw 
materials, lithic diversity, grinding grooves and rock-art (part III).  As the evaluation of environmental 
and proximal information is itself a tool, a summary review rather than lengthy discussion is most 
efficient and appropriate.  
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6.4.1  Subsistence Features   
Chapter 4 reviewed the Blue Mountains geography.  This section looks at the distribution of some of 
the primary subsistence features as they pertain to site class. 
 Access to food, stone and plant materials in the Blue Mountains is primarily concentrated in 
valley heads (McIntyre 1990; Merriman 1993).  For a site to qualify as a subsistence area in the matrix 
it needed to be within reasonable reach (roughly <500 m) of a prime resource or similar area (e.g., a 
diatreme).  Shelter can be found virtually anywhere below the cliffline, but direct access to water is 
generally associated with relatively low rather than high rock shelters.  High quality stone materials are 
generally found at low elevations among the river cobbles or outcrops exposed by erosion.  Heath 
generally has less subsistence value than woodlands.  Swamps associated with cultural material for the 
most part are hanging, although the importance of flat swamps on valley floors cannot be dismissed.  
Hawkesbury Sandstone is a valuable resource for both artistic and utilitarian purposes as its fine grain 
is ideally suited for grinding and engraving.   
Two poles (mundane/liminal) are evident in a general site class distribution of subsistence 
features.  As the mundane regional norm for occupation has a strong subsistence association, site 
classes which have a lower association with general subsistence indicate a departure from this 
behaviour.  This continuum is summarised in the box model below.   
Table 25:  Model of subsistence based liminality in the BMNP. 
Model of the subsistence continuum  
 
• (Mundane Pole) Sites/variables that have a strong association, direct or proximate, with Painting 
or Multidim classes have low probability of relating to limen. 
 
• (Liminal Pole) Sites/variables that have a strong association, direct or proximate, with Engravings, 
AGG, or Transit classes have a high probability of relating to limen. 
 
 
For a detailed assessment Table 27 summarises the frequency distribution of the above 
ecological features.  As usual in the analysis, the BMNP column is the norm representing the overall 
regional mean.  For practicality the table is separated into two parts.  The BMNP mean is included in 
both parts.  Frequencies in each site class column (AGG, Engrave, Multidim, etc.) are also given as a 
percentage of the BMNP total (BMNP%) and as a percentage of individual site classes (SC%).  The 
BMNP% indicates the regional proportion of a specific variable exhibited by a site class.  The SC% 
indicates the frequency of a specific variable within a site class.  The BMNP mean and the SC 
proportion are standard measures for this chapter. 
Figure 22 (below) compares subsistence proportions (relative to site class) and is an 
encapsulation of the subsistence index (Table 27).  A subsistence proportion is the proportion of sites 
within a site class that have a strong association with subsistence features.  A bullet analysis follows 
the table. 
Table 26:  Key to site class codes. 
Site class codes used in crosstables and charts 
Axe Grinding Groove 
– AGG 
Engraving 
– Egv 
Multidim 
– Multi 
Painting 
– Pt 
Transit 
– TT 
Unidim 
– Uni 
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Figure 22:  Subsistence material area by site class (matrix number 58).  Proportions are relative 
to site class. 
 
Table 27:  BMNP index of subsistence. 
f BMNP% SC% f BMNP% SC% f BMNP% SC% f %
58 Subsistence material 
area 53 22% 40% 5 2% 21% 81 34% 75% 236 56%
59 Shelter<100m 24 13% 18% 3 2% 13% 83 44% 77% 190 45%
60 Shelter>100m 
<1000m 73 43% 56% 18 11% 75% 21 13% 19% 168 40%
61 Rock shelter 14 10% 11% 1 1% 4% 72 50% 67% 144 34%
62 Quarry<1000m 23 35% 18% 3 5% 13% 18 27% 17% 66 16%
63 Ravine or river flats 37 25% 28% 1 1% 4% 48 32% 44% 151 36%
64 Low heath 40 58% 31% 6 9% 25% 12 17% 11% 69 17%
65
Grass/Heath clearing 38 38% 29% 9 9% 38% 16 16% 15% 100 24%
66 Woodlands 75 24% 57% 12 4% 50% 90 29% 83% 311 74%
67 Swamp 9 23% 7% 0 0% 0% 17 43% 16% 40 10%
68 Open rock face 101 73% 77% 22 16% 92% 5 4% 5% 138 33%
69 Hawkesbury 
Sandstone 122 67% 93% 24 13% 100% 20 11% 19% 183 44%
70
Narrabeen Sandstone 54 36% 41% 4 3% 17% 43 28% 40% 152 36%
f BMNP% SC% f BMNP% SC% f BMNP% SC% f %
58 Subsistence material 
area 47 20% 89% 20 8% 39% 30 13% 59% 236 56%
59 Shelter<100m 53 28% 100% 7 4% 14% 20 11% 39% 190 45%
60 Shelter>100m 
<1000m 1 1% 2% 29 17% 57% 26 15% 51% 168 40%
61 Rock shelter 53 37% 100% 2 1% 4% 2 1% 4% 144 34%
62 Quarry<1000m 2 3% 4% 4 6% 8% 16 24% 31% 66 16%
63 Ravine or river flats 32 21% 60% 10 7% 20% 23 15% 45% 151 36%
64 Low heath 2 3% 4% 4 6% 8% 5 7% 10% 69 17%
65
Grass/Health clearing 3 3% 6% 9 9% 18% 25 25% 49% 100 24%
66 Woodlands 50 16% 94% 46 15% 90% 38 12% 75% 311 74%
67 Swamp 2 5% 4% 3 8% 6% 9 23% 18% 40 10%
68 Open rock face 1 1% 2% 4 3% 8% 5 4% 10% 138 33%
69 Hawkesbury 
Sandstone 8 4% 15% 3 2% 6% 6 3% 12% 183 44%
70
Narrabeen Sandstone 17 11% 32% 19 13% 37% 15 10% 29% 152 36%
Unidim (51) BMNP Mean (418)
Multidim (108)Matrix 
Number Variable
Matrix 
Number Variable
Paintings (53) Transit (51)
AGG (131) Engrave (24) BMNP Mean (418)
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General conclusions from the above table: 
• The most pertinent feature of the subsistence index across all categories is the utility relationship 
visually exhibited in Figure 22.  Multidims and Paintings have a higher index of subsistence than 
Axe grinding grooves, Engravings and Transit classes of sites.  Unidim represent the average, 
being the most similar to the mean. 
 
• Engravings and Transit class are double the norm. They exhibit a distant but positive proximity to 
rock shelters (matrix numbers 59,60).  This indicates a more specialised function for these classes 
which is on the one hand separate from the more subsistence oriented classes (Multidims/ 
Paintings) but on the other hand linked (via proximity) to subsistence features (cf. Witter and 
English 2001). 
 
• In terms of a general model of liminality, based strictly on associations with subsistence features, a 
continuum (box model) between [Paintings/Multidims] at one pole and [Engravings] at the other is 
a useful guide to interpreting the probable use of a site/artefact association which is itself 
associated with subsistence features.  This model (Table 25) is consistent with the distribution of 
sites in various logistical and mobile camps which are associated with variations in site/artefact 
function (Binford 1980, 1982). 
 
 
 
6.4.2  Elevation and Distance to Water   
In hunter-gatherer resource exploitation, it can be shown that increased distance from permanent water 
decreases the relative density of occupation; conversely it increases the occurrence of special task-
oriented occupation behaviour (e.g., Binford 1980, 1982; Jochim 1998).  This same effect occurs for 
resources other than water.  In the Blue Mountains the primary densities of resources are located at 
lower relative elevations: valley heads, hanging swamps, creeks and rivers.  Thus occupation at high 
relative elevation is likely to exhibit a more limited range of materials/activities (cf. Bowdler 1981; 
Johnson 1979; Stockton and Holland 1974).  The BMNP Project confirms both these assumptions.   
 Reference to elevation and water are apparent in two general trends in the BMNP matrix.  
First, site classes with a higher relative elevation exhibit different variable associations than those of 
relatively lower elevations.  Second, this same change in site class association is also evident when 
there is an increased distance to sources of permanent water, whether or not associated with elevation.   
This model is summarised in the box below. 
Relative elevation refers to the extent to which an area is distinct from its general surrounds.  
High relative elevation (HRE) means the location is ‘on top’, substantially elevated in relation to its 
immediate environment (e.g., hill, ridge, crest, bluff, etc.).  In a gorge, HRE indicates an elevated 
placement (slope or ridge).  Low relative elevation (LRE) is the reverse.  
Table 28:  Model of relative elevation and distance to water in the BMNP. 
Model of Relative Elevation and Distance to Water 
 
• High relative elevation (HRE) associations mark a structural change (site class) from low relative 
elevation (LRE) associations.  The most dense occupations, mundane, occur at LRE. 
 
• Increased distance from permanent water marks a liminal structural change from site classes with a 
close, mundane, association with water. 
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Table 29 is a frequency summary of absolute elevation, relative elevation and distance to 
water for site classes in the BMNP.  The BMNP is the norm.  Figure 23, below the table, compares the 
frequency of high relative elevation (relative to site class) and is a reasonable encapsulation of the 
index. 
Table 29:  BMNP index of elevation and distance to water. 
f BMNP% SC% f BMNP% SC% f BMNP% SC% f %
40
Elevation 
<600m 65 23% 50% 14 5% 58% 82 29% 76% 280 67%
41
Elevation 
>600m <800m 17 39% 13% 5 11% 21% 11 25% 10% 44 11%
42
Elevation 
>800m 49 52% 37% 5 5% 21% 15 16% 14% 94 22%
43
High relative 
elevation 89 40% 68% 21 9% 88% 43 19% 40% 222 53%
44 Water<100m 61 25% 47% 6 2% 25% 81 33% 75% 247 59%
45
Water>100m 
<500m 64 40% 49% 18 11% 75% 27 17% 25% 162 39%
46
Wells>2 =<10m 
dist 43 66% 33% 9 14% 38% 6 9% 6% 65 16%
AGG (131) Engrave (24) Multidim (108) BMNP Mean (418)Matrix 
Number Variable
 
f BMNP% SC% f BMNP% SC% f BMNP% SC% f %
40
Elevation 
<600m 46 16% 87% 38 14% 75% 35 13% 69% 280 67%
41
Elevation 
>600m <800m 2 5% 4% 3 7% 6% 6 14% 12% 44 11%
42
Elevation 
>800m 5 5% 9% 10 11% 20% 10 11% 20% 94 22%
43
High relative 
elevation 12 5% 23% 32 14% 63% 25 11% 49% 222 53%
44 Water<100m 43 17% 81% 23 9% 45% 33 13% 65% 247 59%
45
Water>100m 
<500m 11 7% 21% 25 15% 49% 17 10% 33% 162 39%
46
Wells>2 =<10m 
dist 1 2% 2% 1 2% 2% 5 8% 10% 65 16%
Matrix 
Number Variable
Paintings (53) Transit (51) Unidim (51) BMNP Mean 
(418)
 
Figure 23:  High relative elevation (HRE) by site class.  Proportions are relative to site class. 
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To better understand the associations between elevations (absolute and relative) and site 
classes, the above table is crosstabulated below.  Figure 24 is a clustered column graph of this 
crosstabulation.  It offers a fairly clear impression of how elevation corresponds to site variation.  
Further comparisons of HRE sites against distance to water (appendices B and D) yield similar results. 
Figure 24:  Absolute elevation by category of relative elevation (low, high) grouped by site class 
(e.g., BMNP, Multi).  Proportions are relative to site class. 
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General conclusions from the above tables and figures: 
 
• Relative elevation clearly influences the distribution of archaeological features (per site class). 
 
• The majority of sites are below 600 m.  Occupational material diminishes above the Tomah 
Monocline (>600 m).  There is a small surge in occupational material above 800 m after the 
Bodington Monocline.   
 
• Multidim sites have the classic gearing-up or residential camp structure being near water and 
generally low in elevation; Transit sites have a maintenance camp or special purpose profile being 
the most distant; Unidim sites show clear signs of a field camp profile maintaining a logistic 
connection with water (see Andrefsky 1998;  Binford 1980; Witter and English 2001). 
 
• Engravings show a proportional increase against the norms as elevation increases, possible 
representing threshold activity (the area between 600–800 m elv.). 
 
• Axe grinding grooves and Transit classes demonstrate an expected preference for high relative 
elevation as dictated by their class definition (AGG seek the open Hawkesbury Sandstone 
platforms more common at relatively elevated positions; likewise, transit in the mountains is 
principally along the ridgelines). 
 
• Paintings strongly prefer low relative elevations, surprisingly more so than similarly structured 
Multidims (also principally rock shelters) and this contrasts sharply with Engravings’ clear trend 
for high relative elevation.  Such a high contrast may relate to variation in function. 
 
• Increased distance from permanent water parallels high relative elevation.  The more distant 
classes have the highest association with rock wells.  
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Elevation and distance to permanent water are playing a large role in the location of sites.  The 
high/low and dry/wet dichotomies indicate different land use strategies.  Variation in site classes 
associated with HRE and LRE have a basic structural difference as seen in the general MCA (section 
6.3) and subsistence index.  Certain sites such as Engravings, Axe grinding grooves and Transit sites 
seem to actually seek out the separation – liminal in my sense – that the dichotomy provides.  Some 
activities seem specifically separate from the norm.  This also, no doubt, is environmentally driven.  On 
the other hand as seen in chapter 3, sociocultural forces are powerful processes; the extent to which 
they underlie separation is explored in later analysis. 
 
6.4.3  Select Topographic Features 
Chapter 5 discussed the background of the qualitative components in the indicator matrix.  Qualitative 
components are critical factors in geographical spatial behavioural systems and are closely related to 
process oriented behaviour.  The importance of qualitative components to the model of sacred spatial 
behaviour is seen throughout chapter 3, especially in the identification of liminal spatial preferences.  
This section looks at the frequencies and related site class proportions which relate to aesthetically 
charged topographic features; that is, the features of the environment that demand attention with 
distinctive or unique attributes. 
 A simple paradigm is evident.  More selective topographic variables, those aspects most 
unlike their surroundings, exhibit an increasingly close association with the more specialised site 
classes.  In general terms the more distinctive the site class (location and material deposit) the more 
selective its association with topographic features.  
Table 30:  Model of selective topographic features in the BMNP. 
Model of Selective Topographic Features 
 
• Sites/variables associated with naturally demarcated areas, features and the presence of secondary 
topographic features (referred to as All select topographic features) represent a more distinctive 
pattern of selective topographic associations.  Sites/variables that have more selective topographic 
features are more liminal in ecological terms. 
 
 
Geographic features in the matrix were selected to model the BMNP regional parameters 
while also allowing for a certain subjective appraisal of the region.  Selective topographic features are 
the features which relate more towards aesthetics than subsistence, they are general descriptions and 
obvious measures.  Topographic features are recorded after the identification of a primary 
archaeological category (lithic, grinding grooves, art, etc.).  Once an assemblage was identified via 
traditional archaeological features, its geographic relationship was also recorded. 
Table 31 is a frequency summary of the more liminal aspects of the BMNP environment.  
Below the table is the average column proportion for each site class in the table (Figure 25).  It offers a 
reasonable graphic summary of the table.  The BMNP column represents the norm.  Specific 
definitions of each topographic variable in the table are found appendix A. 
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Table 31:  BMNP index of select topographic features. 
f BMNP% SC% f BMNP% SC% f BMNP% SC% f %
50 Related to higher 
peak 49 49% 37% 11 11% 46% 10 10% 9% 101 24%
51 Related elevated 
topographic feature 67 42% 51% 17 11% 71% 28 18% 26% 159 38%
52
Secondary feature 29 35% 22% 14 17% 58% 16 19% 15% 84 20%
56
Naturally demarcated 
area 80 38% 61% 19 9% 79% 40 19% 37% 209 50%
57 Naturally demarcated 
feature 43 38% 33% 13 12% 54% 21 19% 19% 112 27%
Multidim (108) BMNP Mean (418)Matrix 
Number Variable
AGG (131) Engrave (24)
 
f BMNP% SC% f BMNP% SC% f BMNP% SC% f %
50 Related to higher 
peak 2 2% 4% 19 19% 37% 10 10% 20% 101 24%
51 Related elevated 
topographic feature 5 3% 9% 27 17% 53% 15 9% 29% 159 38%
52
Secondary feature 7 8% 13% 10 12% 20% 8 10% 16% 84 20%
56
Naturally demarcated 
area 18 9% 34% 26 12% 51% 26 12% 51% 209 50%
57 Naturally demarcated 
feature 9 8% 17% 12 11% 24% 14 13% 27% 112 27%
Matrix 
Number Variable
Paintings (53) Transit (51) Unidim (51) BMNP Mean (418)
 
Figure 25:  Average proportions of select topographic features (matrix numbers 50–52, 56, 57). 
 
The profile displayed above indicates the same trend as that for HRE and the opposite trend of 
subsistence.  Engravings and Axe grinding are contrasting with Multidims/Paintings, with Unidims 
approximating the mean and the Transit class leaning towards Engravings/Axe grinding.  At first this 
was interpreted as the result of including two topographic features biased towards high elevations 
(matrix numbers 50 and 51) but various (all inclusive and limited) n-way crosstabulations of the 
topographic features showed that the inclusion of specifically elevated features was not significant to 
the profile (appendix B).  They added detail but did not alter the outcome.  Figure 26 below is a limited 
crosstabulation of topographic variables not inherently biased for HRE.  The profile includes the 
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probability of ‘no’ (None) associations meaning that the bottom bar level illustrates the inverse profile 
to Figure 25.  The top three levels are similar to Figure 25.  
Figure 26:  Crosstabulation of select topographic features (matrix numbers 52, 56, 57). 
 
The above figure shows the overall increase in selectivity of Transit (55%) and Unidim (40%) classes, 
which corresponds to a swapping of Transit and Unidim classes with Axe grinding grooves (39%) in 
the site class continuum shown by HRE and subsistence.  This may result from the fact that grinding 
uses outcrops of Hawkesbury Sandstone, so it may not select other topographic aspects.  Like sites 
associated with HRE, simply because a class is selective in one respect does not mean it is selective of 
others.  Some sites by the nature of their features will appear separate from the norm but only if they 
are selective in all aspects (matrix no. 52, 56, 57) can they be liminal. 
 Engravings on the other hand have a strong association with all aspects of the select 
topographic index, (more than 3x that of Transit and 9.5x that of Multidim) marking them as clearly 
distinct from the norm.  Both Engravings and Paintings have a higher than average association with 
secondary features.  Secondary features are the most distinctive aspects of the topography.  These 
associations are likely to mark a significant change or separation from the norm as they are strongly 
associated with a highly selective topographic place (score of All in the crosstabulation). 
  
General conclusions from the above table and figures: 
 
• The observations indicate that the matrix demonstrates a site class continuum (see box model) 
associated with selective topographic features.  The relationship between classes is not solely 
governed by elevation although it plays a part. 
 
• Engravings and Multidims are clearly opposites in relation to topographic associations. 
 
• Axe grinding grooves as a class have a significantly weaker liminal association than is indicated by 
HRE or subsistence. 
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• Transit and Unidim classes have a strong association with moderate levels of select topographic 
features, but corresponding low levels of visibility (appendix B). Their small overall associations 
with highly select topography (All features) indicate that these classes are supporting the poles 
rather than being distinct in their own right.  They are likely products of classic support camp 
function (Binford 1980; Witter and English 2001).  
 
6.4.4  Proximity Analysis 
Proximity is the general measure of spatial association between sites/artefacts.  Proximity for the 
BMNP project was defined by the 1000 m mark.  If variables were located within 1000 m (two 
dimensions) of each other they were considered proximate.  Discrepancies in topography (three 
dimensions) were accounted for, such that isolated places like opposing ridges which were horizontally 
within 1000 m but unlikely to actually relate due to extremes in the contours are excluded.  Proximities 
are only general measures of spatial association and should not be considered definitive; more exact 
measures of the distance between artefacts are examined in the distance matrix (chapter 7). 
Proximities start to build a model of the geometric relationships between cultural features in 
the BMNP region.  Understanding what kinds of things are near each other stimulates an understanding 
of the processes related to their spatial structure.  This section looks at how site classes relate in terms 
of proximity.  The resulting model is useful in understanding the underlying structure of the MCA. 
A general pattern of site class proximities is evident in the BMNP matrix.  Engraving and 
Transit classes demonstrate a more limited range of spatial association than Multidim and Painting site 
classes.  The low relative level of proximate associations mark Engravings and Transit class as separate 
from the norm, (and therefore liminal), indicating possible behavioural transition points. 
Table 32:  Model of site class proximity in the BMNP. 
Model of Site Class Proximity 
 
• Sites/variables associated with a proximity to Engraving and Transit sites exhibit a more liminal 
level of site class spatial association than sites/variables associated with Multidim or Painting sites.  
 
Table 33:  BMNP index of proximity. 
f BMNP% SC% f BMNP% SC% f BMNP% SC% f %
79 Proximity of 
Multidim site 49 24% 37% 8 4% 33% 72 35% 67% 203 49%
80 Proximity of 
Transit or 
Unidim site 82 38% 63% 18 8% 75% 48 22% 44% 218 52%
81 Proximity to 
Engraving 27 31% 21% 18 21% 75% 13 15% 12% 87 21%
82 Proximity to 
Painting 30 26% 23% 2 2% 8% 33 28% 31% 117 28%
82 Proximity of >20 
AGG 81 54% 62% 11 7% 46% 31 21% 29% 151 36%
84 Proximity to 
Stone 
Arrangement 15 25% 11% 4 7% 17% 8 13% 7% 60 14%
AGG (131) Engrave (24) Multidim (108) BMNP Mean (418)Matrix 
Number Variable
 
CHAPTER 6 – Indicator Analysis  Part II  Environmental and Proximity Models 161 
 
f BMNP% SC% f BMNP% SC% f BMNP% SC% f %
79 Proximity of 
Multidim site 37 18% 70% 9 4% 18% 28 14% 55% 203 49%
80 Proximity of 
Transit or 
Unidim site 18 8% 34% 28 13% 55% 24 11% 47% 218 52%
81 Proximity to 
Engraving 2 2% 4% 20 23% 39% 7 8% 14% 87 21%
82 Proximity to 
Painting 32 27% 60% 10 9% 20% 10 9% 20% 117 28%
82 Proximity of >20 
AGG 12 8% 23% 6 4% 12% 10 7% 20% 151 36%
84 Proximity to 
Stone 
Arrangement 6 10% 11% 15 25% 29% 12 20% 24% 60 14%
Matrix 
Number Variable
Paintings (53) Transit (51) Unidim (51) BMNP Mean (418)
 
Table 33 (above) is a frequency summary of site class proximities within the BMNP.  The 
BMNP column represents the norm. 
The overlapping nature of proximities prevents their easy interpretation in a convenient visual 
form.  Figure 27 (following page) represents the principal results from a 16 x 6-way crosstabulation of 
site class by class proximity.75
Table 34:  Summary table of proximity crosstabulation. 
  It is a succinct account of the extended relationship proximities can 
generate in the Blue Mountains.  Only the 7 most influential of the 16 possible combinations are 
included in the figure.  Table 34 summarises the results of Figure 27. 
Site Class Primary % Secondary % Extended % 
Axe Grinding Groove Agg/TT 25 Multi Only 9   
Engraving Egv/TT 30 Agg/Egv/TT 21 Agg/MD 13 
Multidim Multi Only 19 TT Only 17 Pt/Multi 12 
Painting Pt/Multi 28     
Transit TT Only 26 Egv/TT 22   
Unidim Multi Only 24 TT Only 22 Pt/Multi 12 
 
In the graph (Figure 27) and the above tables the phenomena of self proximation is 
immediately apparent.  If an area was good for grinding or finding suitable shelter at one spot it is 
likely that other places nearby are also suitable for similar purposes (in particular the Multidim and 
Painting results).  Looking beyond this expected result however the analysis indicates some interesting 
trends. 
 The graph is read in general by the number and size of the stacked columns, the more columns 
the more general the proximity.  Axe grinding (AGG) for instance shows many columns indicating a 
general level of proximity with a preference (25%) for the AGG/Transit combination. 
                                                          
75 Originally a concise 24 x 6-way crosstabulation was tried but the results while generally consistent with the more limited 
frequency procedure were unhelpfully stretched by the multiple possibilities. 
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Figure 27:  Proximity trends stacked columns.  Compares the percentage each value contributes to a total across categories.  
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Perhaps the most striking proximity is within the Engraving class.  Engravings are often 
thought of as not exhibiting strong geometric relations outside of other engraved assemblages or 
grinding grooves, however it is apparent that Transit (38%) and Multidims (17%) show fairly strong 
levels of association (cf. Bradley 2000:72; McDonald 1994:93).  The frequencies are too small to draw 
definitive conclusions, but the trend is for more not fewer instances of proximity (72% have some 
proximity beyond Engravings and Axe Grinding).  (See appendix D, Egv/TT MCA.)  The trend shows 
that Engravings are likely to be part of extended spatial relationships, and relatively selective in terms 
of general proximities (few significant columns) which must reflect a process, which include the more 
subsistence geared site classes (see Mathews 1896a; section 3.3.2.2.1 ritual support camps).  Of added 
interest, Engravings display either a strong association with Multidims (17% AGG/Multi, Multi Only) 
or a negative association (c. 60%) indicating a possible split within the Engraving class.  (This may 
relate as I later conclude to a perceived change in the functional association for certain types of 
engravings; see section 6.8.) 
Transit, Unidim and AGG site classes also show insightful proximities.  The nature of the 
proximities suggests the likely function of each class.  AGG for instance, (as seen repeatedly above), 
are in themselves not strongly associated with the variables geared to subsistence, and have a fairly 
close approximation to the norm.  Conversely, shelter locations in general (Multidims and Paintings) 
have a relatively low proximity to AGG.  These two factors indicate a logistic action where small 
groups are moving out from residential settings to perform a specialised task (requiring a specific 
resource, Hawkesbury Sandstone, not located in the domestic camp).   
The same argument applies to Unidims' spatial association with Multidims and Transit classes 
suggesting workshop camps (cf. Stockton’s 1970 identification of trade routes).  A relative high degree 
of self proximation associated with Transit classes (26%) is consistent with high levels of travel 
(Binford 1980) – hence transit routes – this is followed by a high proximity to Engravings (22%) also 
indicating that Transit as a class is more likely to separate from the norm than adhere to it. 
 
General conclusion from the above table and figures: 
 
• Site class proximities form a continuum of separation where certain activities, related to variations 
in site class, are distributed differently. 
 
• Engravings, and a significant amount of Transit classes, show liminal tendencies in 
crosstabulation, where extended but selective proximities form (5x primary proximities). 
 
• The three classes Transit, Unidim and AGG have proximate associations which display a tendency 
for the class to separate from the norm.  Activities associated with these classes are possibly more 
specialised (maintenance) or specifically mobile locations (resource centre, field camps). 
 
• AGG and Unidim classes illustrate a separation but at the same time roughly follow the norm, 
where the activity itself is separate but the proximities are showing a connection with the norm 
(i.e., a pseudo connected separation instead of a distinct separation). 
 
• Multidim and Painting classes relate chiefly to their own likeness, but the greater frequency of 
association with various forms of proximity (7x primary proximities, appendix B) indicates a more 
mundane, less selective, overall proximity. 
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Part III Category Analysis 
This third part examines specific archaeological features of the BMNP matrix for indications of liminal 
activity.  The four categories of analysis are: stone materials (section 6.5), lithic assemblage diversity 
(section 6.6), grinding grooves (section 6.7), rock-art (section 6.8).  In each section, frequencies are 
used to set out significant trends which are then examined in depth via MCA.   
Basic site class divisions (AGG, Engrave, Multidim, Paintings, Transit, Unidim) are used to 
organise the frequency analysis.  MCA results however are not organised by these artificial divisions; 
they are examined solely on independent variable relationships.  
 The purpose of each analysis is to identify probable indicators of liminal activity.  Box 
summaries (of liminal indicators) are offered for each sectional analysis.  These will be used to 
construct the distance matrix in chapter 7 where a spatial analysis examines the relationships between 
the various liminal aspects of the BMNP archaeological record.  
6.5  Stone Material Analysis 
A variety of stone materials are found within the BMNP region.  Due to the heavy erosion and 
undercutting that is prevalent in the region, the majority of quality stone suitable for tool making is 
found along the waterways at low relative elevations (see Table 7).  There are rare quality sources of 
quartz and basalt at higher relative elevations.  Low quality quartz is ubiquitous.  There is nothing 
remarkable about the type of stone within the region, the variety is not very extensive.  The region’s 
geomorphic processes make it a prodigious producer of blanks so it is inefficient to transport 
significant amounts of unworked material into the region.  Basically, quality stone of a fairly limited 
range, while not ubiquitous, is accessible when needed.  
  As the source of much stone material is the waterways, movements of material away from 
these areas is a good distributional indicator (cf. Stockton 1970, 1973).  What kind of stones were 
transported and used tells something of the variation in activity across a region.  The type of stone 
material transported and or utilised also affects the kinds of tool produced or maintained at specific 
locations.  Cherts for example, being strongly utilitarian are likely to be distributed widely across 
principal occupation sites, while quartz, being available everywhere although difficult to flake, will 
likely dominate the more remote sites (Barton and McDonald 1995:70).   
The point of the stone material analysis is to identify broad patterns of raw material which 
indicate liminal distributional trends. 
 
6.5.1  Stone Material PROC FREQ    
Stone material types of both debitage and implements within the BMNP are recorded.  The stone 
material index is shown in Table 35.  Due to the limitation of the existing record (NPWS files) certain 
materials had to be grouped into a single variable (e.g., ‘MSC’ encompasses various sedimentary 
stones like mudstone, silcrete and chert).  The quartz, basalt, ochre and ‘other’ variables are treated 
separately. 
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Table 35:  BMNP index of stone materials. 
f BMNP% SC% f BMNP% SC% f BMNP% SC% f BMNP% SC% f %
17 Mudstone/ 
Chert/ Silcrete 
(MSC)
8 4% 5% 114 62% 71% 30 16% 59% 33 18% 65% 185 44%
18
Quartz 4 3% 3% 87 55% 54% 44 28% 86% 24 15% 47% 159 38%
19 Basalt 17 24% 11% 26 37% 16% 14 20% 27% 13 19% 25% 70 17%
20
Ochre nodules 0 0% 0% 9 90% 6% 1 10% 2% 0 0% 0% 10 2%
N/A
Other 1 14% 1% 3 43% 2% 1 14% 2% 2 29% 4% 7 2%
Totals 30 239 90 72 431
AGG/EGV (155) Multidim (161) BMNP Mean (418)Matrix 
Number Variable
Transit (51) Unidim (51)
 
At first glance combining various categories of stone in this manner (e.g., MSC category)  
may seem somewhat unsettling.  However, due to the inaccuracies in many previously recorded 
records, trying to clearly differentiate between lithic raw materials which emanate from one primary 
source proved a difficult and pointless task.  MSC materials found during surveys were almost always 
associated with each other.76
Table 36:  Stone materials crosstabulation categories. 
  
Raw Material Crosstable Categories 
• Basalt Only 
• MSC Only 
• Quartz Only 
• MSC/Basalt 
• Basalt/Quartz 
• MSC/Quartz 
• All 
Basalt 
Mudstone, Silcrete, Chert 
Quartz 
Mudstone, Silcrete, Chert, Basalt 
Basalt, Quartz 
Mudstone, Silcrete, Chert, Quartz 
Basalt, Mudstone, Silcrete, Chert, Quartz 
 
 
Table 37:  Site class codes for analysis. 
Site class codes used in crosstables and charts 
Axe Grinding Groove 
– AGG 
Engraving 
– Egv 
Multidim 
– Multi 
Painting 
– Pt 
Transit 
– TT 
Unidim 
– Uni 
 
                                                          
76 Areas surveyed for the BMNP Project (106 new; 70 revisited sites) recorded a greater mix of stone types than found in the 
NPWS Aboriginal Sites Register (ASR) (242 existing sites).  For example, where cherts and mudstone dominate an assemblage 
(originally recorded with only two material types) silcrete is likely to be found in limited quantities on close inspection.  
Conversely quartz and basalt are easily identified, accurately recorded (in  the ASR), and can be seen to relate to locations other 
than the primary river cobble source and different technologies (Hiscock 1986).  As the point of the current raw material analysis 
is to identify very general groupings it was deemed acceptable to unite raw materials (e.g., MSC) which were distributed 
generally as a group. 
Material types ochre and ‘other’ (e.g., jasper, quartz crystal) rarely occur (4x) in isolation and in the ASR files always 
form part of a large assemblage (crosstable category ‘All’).  Provenience of such recording is always suspect.  I found only one 
reliable example of jasper.  For this reason isolated rare materials have been removed from the crosstabulation as they 
unnecessarily skewed the results (multiple negative combinations).  Rare material types will have to be dealt with on an 
individual basis. 
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Figure 28:  Stone artefact material by category of site class.  Column percentages are relative to 
the category (class). 
 
 
Figure 28 is a crosstabulation of stone materials with site class.  The figure displays high 
relative frequencies of quartz and quartz only assemblages in Transit categories as opposed to Multidim 
categories.  This marks a clear distinction between the two site classes (open and shelter).  Findings are 
comparable with Barton and McDonald’s (1995:69–70) conclusions of differential behavioural 
activities based on the frequencies of raw materials. 
Interestingly the two open site classes, Transit and Unidim, express different frequency 
profiles.  Unidim sites exhibit a general mix of materials favouring MSC types, while Transit sites are 
peaking with the region’s more ubiquitous materials.  A chi-square analysis shows confidence in this 
trend (2 = 3.90, p = .048). 
If the above trend is crossed with site class elevations (Table 38) it is apparent that both 
Transit and Unidim site classes favor the lower absolute elevation with Transit sites showing a slightly 
greater tendency for relatively higher (HRE) ground (e.g., the ridge overlooking a stream rather than 
the flats near the stream).   
 
Table 38:  Absolute and relative elevations of Transit and Unidim sites. 
Site class High Relative Elevation Absolute Elevation <600 m 
BMNP (418) n222 53% n280 67% 
Transit (51) n32 63% n38 75% 
Unidim (51) n25 49% n35 68% 
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Figure 29:  Comparing material type columns by high (HRE) and low relative elevations (LRE) 
at varying distances from water. 
 
HRE is obviously important to the distribution of stone material.  To understand what this 
means Transit and Unidim classes are crosstabulated with HRE and distance to water.  Figure 29 shows 
a similarity between relatively high and low elevations across site classes with a preference for MSC 
materials at lower elevations and quartz at higher elevations.  However, Transit and Unidim sites at 
HRE and located over 100 metres from permanent water seem to be operating in opposite directions 
from each other.  Whereas MSC/quartz dominates most classes, at HRE Unidim is found to flatten out 
with MSC and basalt combinations.  Quartz only, as a variable, dominates the HRE Transit class, but 
surprisingly is absent form HRE Unidim.  According to the general trend HRE Unidim should be 
dominated by the ubiquitous quartz (around 10% quartz only and 26% overall).   The two HRE 
categories seem to be moving opposite each other with HRE Unidim going against the norm.  HRE 
Unidim is maintaining its selectivity (not deferring to the local material quartz). 
Likewise Low TT displays a rather high level of quartz when in strict regional terms it is 
expected to be much lower (around 5% instead of 27%).  The sample size is small, but comparable, and 
the example is another case for a divergence between site classes and within classes.  Here interclass 
variations (i.e., Low Uni – HRE TT) are displaying a more selective range of materials.  In short this 
brief analysis indicates that strict regional parameters (e.g. rationalisation) are insufficient to account 
for lithic material distributions associated with occupational sites. 
 
Interim Summary  The trends indicated within the material type analysis identify the 
expected range of access to raw materials, but also identify variation in the levels of use relative to the 
regional site classes.  Multidim (inclusive of pigment art) sites, generally close to stones sources, show 
the highest frequencies of quality raw materials.  Interestingly, categories more distant from river 
cobbles like Transit sites and other relatively highly elevated sites seem to be preferring a range of raw 
material rather than strictly adhering to local sources (e.g., quartz and basalt), indicating the 
transportation of select stones to these areas – transitory workshops.   
The overall distribution is similar to models of stone material distribution proposed by 
Stockton (1970) and McIntyre (1990).  In general the variation in stone materials is consistent with 
short duration camps, fairly diverse variability (MacDonald 1991).  The importance for the purposes of 
this thesis is that stone material variation indicates variation in the distribution of activity:  Multidims 
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are likely to be base camps; Unidims are likely residential mobile camps; Transit are likely logistical 
camps; AggEgv are clearly logistical, special purpose camps.  Ceremonial behaviour being separated 
from the norm (chapter 3) is therefore likely to be near mobile and logistical camps and significantly 
less near base camps. 
Figure 29 shows that the picture is not so simple.  Activities associated with HRE Unidim are 
likely to be highly selective, that is not relying on the ubiquitous quartz.  Similarly, but from a different 
angle, HRE Transit it seems is seeking quartz, forgoing better materials.  Each of these class structures 
is liminal in terms of the models in section 6.4.  An examination of the extended variable relationships 
(MCA) for HRE stone material associations either with or without quartz will illustrate the implications 
of these two types of distributions.    
 
6.5.2  Stone Material MCA 
Frequency conclusions are very precise if narrow in approach.  MCA can explore the statistically tight 
conclusion that some quartz only and some HRE MSC assemblage combinations are distributed against 
the regional norm.  MCA judge the wider implication of this finding.  The MCA procedure is discussed 
in section 6.2.2. 
Figure 30 displays the object positions (row profiles) of the stone material categories found in 
Table 39.  Figure 30 displays the object positions as they relate to HRE of quartz, MSC and combined 
stone material assemblages.  The corresponding variable positions (column profiles) are found in 
Figure 31.  The IM for the figures is 92 x 63, with a DCA index of 21 and PIE score of 12 : 11 : 7.  
(The format for the MCA analysis is found in section 6.2.2.5.) 
Table 39:  MCA codes for stone material analysis. 
 
Class code 
• (A) – Axe grinding groove;  (E) – Engraving; (M) – Multidim;  (P) – Painting;  (T) – Transit; (U) – Unidim 
 
Class codes are used in combination with material codes: 
 
Quartz   
• (q) – denotes site class as quartz only at high relative elevation 
MSC 
• (m) – denotes site class as MSC (mudstone, silcrete, chert) only at high relative elevation 
Combined 
• If all material types are present no material code is attached to the class code 
 
 
Figure 30 shows a dichotomy between quartz only related site classes on the left and 
combined site classes on the right.  MSC associated assemblages are below the combined classes and 
appear to run at the diagonal between quartz and combined stone materials.  To a limited degree quartz 
also runs along this diagonal.  The slight association around the centroid indicates a good spread in the 
row profile.   
Three things are indicated by the row profile.  The left of the primary axis quartz is associating 
with Transit (Tq), Engraving (Eq), Axe grinding (Aq) and Unidim (Uq) classes which are being 
buffered from the right by a limited association with MSC only Multidims (Mm) and Unidims (Um).  
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This indicates a relationship between MSC dominated mobile residential sites and the special purpose 
sites (T, E, A).   
Quartz related activity is separate from the residential (domestic) activities along this part of 
the primary axis.  The geometric pattern associated with this ordination is an example of geometric 
proximity (Zubrow and Daly 1998:161; section 3.3.1).  The structure of archaeological material, in 
these instances, conforms to the liminality of the place, in effect generating a selective assemblage (cf. 
Levy 1982:19–20; Megaw and Simpson 1981:465; Wait 1985:7).  It must remain distant or separate.  
These assemblages may be sacred; they are certainly liminal. 
Figure 30:  Stone material MCA object plot. 
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Second, in the ‘D’ quadrant (lower right) are a mixture of quartz and MSC associations but 
relatively few combined assemblages.  This is also where Paintings (P) are.  The mixing of row points 
in this quadrant indicates a less formal separation than for the points on the left side of the axis.  
Activities are generating separation along the secondary axis, which indicates a clear difference from 
the combined cluster above (quadrant ‘A’).  Row points in the lower right are therefore in some ways 
separate but at the same time connected back into norm.  Related activities are likely to be less distinct 
than those left of the second axis.  This possibly relates to internal rather than external differences in 
camp structure; the what rather than the where.  
Third, the row points in ‘B’ quadrant exhibit the strongest domestic tendencies.  Most are 
combined assemblage Multidims (M).  According to the models in the previous section (6.4) and the 
above frequencies such combinations are likely to relate to high subsistence and utilitarian attributes. 
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Figure 31:  Stone material MCA variable plot. 
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A geometric interpretation of row (Figure 30) and column (Figure 31) profiles begins to reveal 
the latent structure of the row profile.  (See Table 24, section 6.3.1 for variable codes.)  Remember that 
in this MCA columns (variables) relating directly to HRE, quartz and MSC have been trimmed, which 
allows the strength of the extended variable associations to become clearer.  The points are the 
weighted average of the vertices, which means that the row positions along the primary axis reflect the 
difference in remaining column features.  These column features are in the above figure.  The 
clustering around the centroid indicates the average row profile. 
In general the column corners form a triangle, this allows the addition of a description to the 
directions of spread along which the profiles vary the most.  Large assemblages of tools form the upper 
right, paintings the lower right and engraving the left vertex.   
The rows to the extreme left (quartz only) have a strong relationship with high levels of 
visibility, select topography (box model section 6.4.3) and a proximity with stone arrangements.  The 
buffer area closer to the centroid, near the secondary axis, is also selective in terms of the topographic 
model (presence of the relatively rare secondary feature) and visibility.77
                                                          
77‘180_Vis’ relates to ability to ‘see out’ rather than the ‘see and be seen’, the dramatic feature of ‘Vis600-Vis1000’ variables.  
  Proximity to Transit sites and 
water is more important.  Foreshadowing the lithic analysis, geometric microliths are on the left side of 
the axis whereas stone tools in general are clearly right.   
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The left side column profile is characteristic of the geometric pressure of liminal places.  The 
structure of archaeological material is becoming more selective as the amount of liminal features 
increases (Megaw and Simpson 1981:465; discussion in section 3.3.1.5).  The buffer area (secondary 
axis) is acting in support of the more extreme row points.  Of course this would only be true if these 
sites were physically close together.  Such a trend needs validation in the distance matrix (chapter 7). 
Paintings and related site classes in the lower right have few distinctive features.  They are 
primarily associated with column features around the centroid, especially the ones on a similar diagonal 
(e.g., woodland, proximity to grinding grooves).  This is consistent with a strong connection to all row 
points on the right side of the axis.  They are differentiated primarily because of selection of raw 
materials (less combined assemblages) which relates to limiting the amount of quartz and their small 
assemblage sizes.  As noted in the metric interpretation of the group, this type of geometric spread on 
the one side along the secondary axis is more closely related to internal variation, as opposed to the 
dichotomic variation along the primary axis.  Thus the lower right appears separate from the norm but 
not liminal. 
Finally, the upper right is dominated by stone tool associations and shares ecological features 
with the lower right quadrant, which mark them as subsistence areas.  Water and shelter are closely 
associated.  Quality raw materials were being transported to these locations which formed the focus of 
production.  These are classic features of the principal domestic camps in the Blue Mountains (cf. 
Stockton 1970, 1974). 
 
Interim Summary  What does all this mean?  According to the analysis of stone material 
types the apparently simple divisions in the distribution of raw material has a more complex level of 
associations.  While the local availability and natural qualities of stone dominate the distribution 
parameters (cf. O’Connell 1977) the association of variables (the column profile) indicates that 
different types of activities are associated with the variations in the distribution.  Quartz dominates the 
open site classes and MSC the shelter site classes.  The two materials appear to be used in different 
ways (cf. Barton and McDonald 1995:69–70). 
It is likely that row points on the left side of the primary axis, the quartz only assemblages, 
represent different activities than those on the right.  People are not doing the same thing everywhere 
with different raw material, they are doing different things at different places with different raw 
materials.  The most likely nature of these activities as they relate to the column and row structure has 
already been commented on above.  Here it is added that the importance of quartz in the Blue 
Mountains is generally associated with an increase in bipolar reduction techniques (cf. Johnson 1979).  
The left leaning geometric microliths may indicate that open, quartz only sites were associated with 
microblade technologies and related uses rather than larger tool technologies and uses found mixed into 
shelter sites.  If the ordination in geometric microliths is significant, and if such geometrics are special 
tools (spear barbs etc.) as has been suggested (Kohen 1986; McBryde 1974; McCarthy 1976; Stockton 
1993a; Witter 1994, 2000) then these open sites are likely to be functionally different from the 
Multidim (shelter) class as indicated by the MCA.  
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Quartz is generally considered an ad hoc material and its use in most cases is likely to be the 
result of rationing behaviour (cf. Dickson 1977:97; Torrence 1989:58).  Quartz tends to be used only 
when other more utilitarian stone materials are unavailable.  However the selective variable association 
of some quartz only assemblages in the BMNP, especially those left of the axis seem to target certain 
combinations of liminal attributes.  This becomes more clear through further analyses (this chapter).  
These may in fact relate to rationing behaviour, but not necessarily to a causal subsistence strategy.  
Instead, I argue it is likely that they represent a causal social strategy tempered by ecology; hence the 
column ordination of engravings at the vertex with quartz.78
Table 40:  Stone material box indicator of liminality. 
  Many factors underlie this result and need 
unpacking, but results are encouraging. 
In short, I think the relationship between quartz only and MSC only assemblages at HRE (the 
left side of the primary axis) indicates a liminal trend in raw material distribution.  This trend is within 
the norm, meaning the stone materials are not unique, but it indicates a decided push away from 
subsistence behaviour towards the more selective aspects of the region (e.g. the box models in section 
6.4).  
 
Liminal Indicator – Quartz only assemblages indicate an increase in the selective association of 
archaeological and environmental features.  This is indicative of different functions related to 
different material, a formal separation of actions, and not merely the same function with a 
change in raw material. 
 
 
                                                          
78 See Jones and White (1988) and Taçon (1991), regarding social influences on stone tool production. 
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6.6  Lithic Assemblage Diversity Analysis 
Categories of implements (flakes, nuclear tools, abraded bodies, etc.) and their various stages of 
manufacture form a body of material that relates to the distribution of activities.  The type of 
implements and where they are found indicate a probable organisation of activity.  Likewise the type of 
debitage in the form of amorphous flakes (Barton and McDonald 1995:69) and the presence of cortex 
(Andrefsky 1998:221), for instance, gives an indication of type and spread of activities.  For these 
reasons this section follows Witter’s (2000:27–29) approach in assigning the various artefact variables 
as activity indicators.  Like most variables used in this chapter, however, activity indicators based on a 
generalised artefact function are merely heuristic devices to infer site function, they allude to the 
difference in spatial organisation between places (site classes) and are not an end in the interpretation, 
only a means to an end.  
As mentioned in chapter 5 the limits of the previously recorded data means a less than ideal 
level of detail is available for the region.  Many categories of data, such as the variable cores, are 
limited in detail as to the individual type (e.g., producer core or microblade core).  Nevertheless, even 
with a collapsed tool type analysis general trends in distribution are still evident (cf. Barut 1994; Price 
1978; Wandsnider 1996).  Furthermore as Andrefsky (1998:203, 208) has noted, assemblage diversity 
is a key component in understanding site function and as chipped stone tools are notoriously 
multifunctional it is necessary to use populations of tools rather than individual tools in analysing 
function.  Hence general categories of variables (summarised in Table 41) may give a more realistic 
picture of past activities than would an analysis of specific sub types.   
 Certain assemblage signatures (Witter 1992) have been noted as evidence of a selective 
organisation of activities.  Where certain implements are found, or not found, gives some indication as 
to the activities being performed in an area.  Although the details are debatable, the overall thrust of 
this particular activity analysis focuses on large scale trends in artefact distribution rather than a fine 
tuned intrasite analysis.  Broad differences are of most importance (e.g., Simek 1984:11–17, 1984a).  
For instance the spread of backed implements against the spread of more utilitarian tools may display 
areas associated with more specialised production (cf. Kohen 1986; Witter 2000:41; Witter and English 
2001).  Likewise a high frequency of large flakes, with little assemblage diversity, may indicate more 
expedient or primary uses.  Variations in the diversity of artefacts is evidence for discriminating 
between site function.  Once an understanding of the functional nature of a region is established, it is 
possible to begin interpreting the various behaviours likely to be associated with specific functional 
associations.  In this way it is possible to identify liminal trends. 
 The aim of this analysis therefore is to illustrate the liminal variations in artefact diversity 
across site classes and to highlight their extended, artefactual associations within the BMNP region.  
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Table 41:  Artefact/activity indicators by implement and flake categories. 
 
Artefact/Activity Indicators: Implements and Amorphous Flakes 
 
• Points and Blades   
• Axes (ground edge)  
• Tools (miscellaneous e.g., scrapers, 
hammerstones) 
• Cores (any type) 
• Cortex  
• Large Flakes (>20 mm) 
 
• Large Modified Flakes (retouch or usewear) 
• Small Flakes (<20 mm) 
• Small Modified Flakes (retouch or usewear) 
• Waste Flakes (debitage) 
• Geometric Microliths 
• Retouch or Usewear (unspecified implement) 
 
 
6.6.1  Lithic Assemblage PROC FREQ 
The frequency analysis begins with a look at the general levels of diversity and frequency within each 
site class.  This gives a grounding in site class variation related to lithic diversity.  Following this the 
analysis looks at the variations in activity by stone material type, which may offer clues to the duration 
of occupation (Andrefsky 1998:201–202).  Finally each activity is then clustered by relative proportion 
against models of proximity and relative elevation to test for liminal environmental characteristics 
(from section 6.4).  This last test is done to help circumvent problems with interpreting artefact 
function, by looking at the wider assemblage context. 
  
Site Class Assemblage Diversity Index  Both relative size of assemblages and size of 
artefacts are recorded in the BMNP database as activity indicators.  The index of activity indicators is 
found in the table below. 
Table 42: BMNP index of lithic based activity indicators. 
f BMNP% SC% f
BMNP
% SC% f
BMNP
% SC% f
BMNP
% SC% f
BMNP
% SC% f %
1,2 Points/ 
Blades 1 2% 1% 34 77% 31% 4 9% 8% 5 11% 10% 0 0% 0% 44 11%
3 Axes 2 10% 1% 12 57% 11% 2 10% 4% 4 19% 8% 1 5% 2% 21 5%
4,5 Tools misc. 1 1% 1% 46 66% 43% 8 11% 15% 7 10% 14% 8 11% 16% 70 17%
6 Cores 0 0% 0% 45 56% 42% 11 14% 21% 0 0% 0% 25 31% 49% 81 19%
7 Cortex 3 2% 2% 62 51% 57% 18 15% 34% 0 0% 0% 34 28% 67% 122 29%
8,9 Large flakes 
(>20mm) 3 2% 2% 78 50% 72% 17 11% 32% 23 15% 45% 36 23% 71% 157 38%
10 Large mod. 
flakes 0 0% 0% 39 70% 36% 7 13% 13% 4 7% 8% 6 11% 12% 56 13%
11,12 Small flakes 
(<20mm) 8 4% 5% 82 45% 76% 22 12% 42% 34 19% 67% 36 20% 71% 182 44%
13 Small mod. 
flakes
1 2% 1% 38 70% 35% 5 9% 9% 6 11% 12% 4 7% 8% 54 13%
14 Waste 
flakes>2
5 3% 3% 79 45% 73% 20 11% 38% 40 23% 78% 31 18% 61% 175 42%
15 Geometric 
microliths 1 3% 1% 16 52% 15% 0 0% 0% 11 35% 22% 3 10% 6% 31 7%
16 Retouch/ 
Usewear 0 0% 0% 32 63% 30% 3 6% 6% 13 25% 25% 3 6% 6% 51 12%
Totals 25 563 117 147 187 1044
Matrix 
No. Variable
AGG (155) Multidim (108) Transit (51) Unidim (51) BMNP Mean (418)Painting (53)
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To make the index more concise some artefact categories were merged in the frequency analysis 
(clumped categories have more than one matrix number in the index).  For example, 
1 Points/Blades <=5 
2 Points/Blades >5 
were merged into one category 
1, 2 Points/Blades 
 
The relevance of the distinction between large and small assemblages, and other measures, is examined 
in the MCA.    
Figure 32, next page, displays the proportion of activity indicators within each site class.  The 
sample sizes for each class represents the presence (1, 0) of a select activity not the quantity of 
artefacts.  The presence of small flakes (17% of the BMNP), for example, may be recorded once per 
site but there is generally more than one small flake per site.  Variable occurrences are given equal 
weighting to smooth out fluctuations in the data where some site classes are underrepresented (e.g., 
lithics in AggEgv) and to allow comparison between variables of unequal numeric value or provenance 
(see section 6.2).  Each graph represents the linear trends corresponding to the respective site class.  
Variations in assemblage size are handled in the MCA. 
 
Lithic Diversity by Site Class   The pattern of stone material frequencies (section 6.5) is 
extended by activity analysis.  The site class similarities and differences become clearer when artefact 
diversity is examined (Figure 32).  As with the material analysis, relationships between the norm and 
various classes are examined in order to emphasise the differences in function between site classes. 
The BMNP sample is the accumulation of observations and represents the statistical norm.  It 
will be used as the mean observation for most frequency analysis in this chapter.  Mean proportions are 
comparable with Attenbrow (1987:169–171) and McIntyre's (1990) analyses of the distribution of 
archaeological evidence.   
Unidim sites (low diversity open sites, e.g., quarries) have a higher presence of cores, cortex 
and large flakes with implements less frequent than for the BMNP mean.  This indicates a trend 
towards primary production and or resource gathering, field or base camps.  This thesis uses a synthesis 
of Binford (1980), Yellen (1977:95), and  Simek (1984) to distinguish principal activity areas. 
Transit sites (high diversity open sites) have a relatively high number of occurrences for select 
implements (geometric microliths, ground edge axes) with a corresponding higher ratio of 
retouch/usewear and a decidedly high incidence of amorphous small and waste flakes.  In contrast, 
cores and cortex are virtually absent (less than 1%) and there is a low presence of amorphous large 
flakes and modified flakes.  The low occurrence of large size flakes and cortex is in accordance with 
the high percentage of quartz associated with transit sites.  But the higher number of geometrics, stable 
occurrence of points, and dip in general nuclear tools may indicate this class of sites is associated with 
interim maintenance or a logistical function more than the preparation or production of utilitarian tools 
(cf. Tipp 1993).  This conclusion is bolstered by the previously identified low lithic quality (primarily 
quartz) and overall low frequency of artefacts which should result in more informal tool types (cf. 
Andrefsky 1994:30). 
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Figure 32:  Comparing rows.  Implements and amorphous flake dispersion by site category.  
Percentages are relative to site class and represent 100% of the sample size per class. 
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Painting and Multidim classes (high diversity, high frequency shelter sites) are generally 
consistent with the BMNP mean.  Painting sites show a slightly higher frequency of cores and cortex 
and a noticeable lack of geometric microliths and little retouch/usewear (cf. Attenbrow 1987:174).  
Painting sites therefore may have a slightly different function than the average Multidim.  The row 
profile of activity indicators for Multidim sites displays a regularity, with multi-purpose shelter 
occupation noted within the ESP and seen in the material analysis.  The quantity of occurrences (large 
sample size) suggests the likely repeated use of sites for a variety of tasks, an indication of a residential 
camp (Simek 1984).  Painting and Multidim sites, are slightly more similar than expected from the 
ESP.  According to section 6.5.2 Painting and Multidims at high relative elevation (HRE) separate in 
the second dimension thus it is likely the close relationship seen here is evident at low relative 
elevation.  The contrasts associated with elevation are yet to be explored. 
Axe grinding groove and Engraving sites (AggEgv, as a combined site class) represent a 
rather small sample in terms of activity analysis.  Direct occurrences of stone artefacts are only rarely 
associated with grinding and engraving sites, which are generally found on open rock platforms.  
However, when artefacts do eventuate, there is generally a trend for small debitage and less utilitarian 
implements.  Most lithics are found in proximity (<100 m) to exposed rockfaces.  Again, this suggests 
maintenance, or a special purpose function associated with the more select range of activities. 
Like McDonald (1994:93) I often found lithics in small numbers, when surveying engravings 
or grinding grooves.  This was especially true in the more remote areas, less likely visited by collectors, 
and well hedged by heath and ‘lips’ of rock at the end of transport surfaces where artefacts are likely to 
accumulate in lag surface patches (see Witter and English 2001).  These generally have vegetation 
growing in them making artefacts difficult to spot; one has to purposely look for them.  Most recorders 
simply stop with the grinding grooves or engravings.  Debitage was generally discounted unless 
associated with several clear flakes or an implement. 
The pattern of activity indicators across site classes shows the probable pattern of activity 
itself.  Artefact diversity indicates different site functions.  Certain site classes (Transit, Unidim, 
AggEgv) display the material characteristic of selective behaviour while others (Multidim, Paint) 
display more generalised behaviour (cf. with Attenbrow 183–186; Simek 1984:11–17).   
 The proportions suggest a complex type of logistical mobility with a slight hint of residential 
mobility, especially in the Unidim class (cf. Binford 1980, 1982b).  This accords with the ESP (section 
4.5; cf. Attenbrow 1987; McIntyre 1990).  It is likely that small parties were moving out from base 
camps to acquire materials and then returning to the main camp after a short trip.  Mixed into this 
pattern is residential mobility, based on the high diversity but low frequency of certain artefact 
indicators, where for short durations larger groups moved around the region.  The territorial range is 
large but group sized movements are (perhaps) less common (cf. Andrefsky 1998:220). 
 The activity analysis is done to identify activity indicators.  Parts of the norm seemingly runs 
away from the target area on the parabola of correctness (section 6.3.2. Figure 17).  The differences 
merely indicate the primary sources of diversity between classes.  Two groups of information can be 
interpreted from Figure 32: standard and select, 
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• Standard  The standard information runs consistently, in contrast to the fluctuating select 
information.  Standard activity indicators are: small flakes; large flakes; miscellaneous tools; 
points and blades. 
 
• Select  The select activity indicators are: geometric microliths; waste flakes or debitage; 
retouched flakes; and limited spread of cores and cortex. 
  
The remaining activity analysis examines the characteristics of the select activity indicators. 
 
Stone Material Type  The material type analysis (section 6.5) illustrated variations in the use 
of raw materials.  This section crosstabulates seven lithic artefact indicator categories against the 
primary selection of raw materials.  (Figure 33 below.) 
Figure 33:  Activity by primary material type association.  
 
 In the graph, miscellaneous tools (as a category) along with points and flakes with 
retouch/usewear are dominated by the widest selection of materials (combination ‘All’) and the 
smallest association with quartz only (<3%).  The opposite is true of geometric microliths, notable for a 
high proportion of quartz only associations.  Large and small flakes are virtually identical and waste 
flakes mirror the BMNP mean (see stone materials in appendix B).  
If (from Figure 34 below) MSC materials dominate the topographically low assemblages and 
quartz dominates the higher areas, Figure 33 may reflect a preference for select activities through 
different access to raw material.  Certain activities may relate more to the place than the material; local 
material is used because it is available at that place, not because of any intrinsic qualities of the stone 
(cf. Barton and McDonald 1995; Hampton 1997; Jones and White 1988; Taçon 1991; Witter 1992).  
Quartz for instance, being abundant at HRE, is likely to be associated with activities strongly 
associated with high elevation.  Certain activities may require a degree of separation from base camps, 
which is likely to be reflected in the local raw material.  Activities related to geometrics therefore are 
likely to be different from activities for the other artefact indicators.  The extent of this preference, the 
underlying relationship between variables outside of the frequencies in the above figure, is best viewed 
through an MCA (section 6.6.2). 
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Figure 34:  Frequencies of various stone materials combinations by relative elevation.   
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Spatial Associations  If the location of artefacts is an indication of artefact function, then it is 
important to understand the spatial associations between artefact classes and site classes.  Section 6.4 
generated box models of environmental and proximity association for the BMNP.  This section 
(Figures 35–36) looks at some of the general trends identified in the box models as they relate to the 
seven activity indicators.  The seven artefact categories (from Figure 33) offer a good example of site 
class trends.  The first set of graphs (Figure 35) in this section examines proximity relationships and the 
second (Figure 36) examines the effect of topographic elevation.   
 
Proximity  Figures 35 (next page) displays the accumulated proportional relationship of each 
site class for seven categories of artefacts as they relate to: 1) sources of permanent water (<100 m); 2)  
proximity (1km) of Engraving and Transit site classes and <100 m from permanent water (Prox 1); 3)  
proximity of Engraving and Transit site classes and >100 m and <500 m from permanent water (Prox 
2).79 80
                                                          
79 From section 6.4, Engraving and Transit site class proximity and an increase in distance from permanent water are associated 
with an increased liminality of archaeological features. 
80 BMNP represents the mean for the group of figures.  The site class AggEgv (sub classes Axe Grinding and Engraving) is not 
included in the analysis because of relatively low levels of related lithics.  Painting site classes are lumped into the Multidim 
class because of the very close relationship observed above in Figure 32. 
  
For example, within the BMNP graph there are 31 sites with geometric microliths; 22 (71%) 
are located within 100 metres of water, of which; 6 (19%) exhibit a proximity with Engraving and 
Transit site classes (Prox 1) and; 6 (19%) are located more than 100 m and within 500 m of water and 
exhibit a proximity with Engraving and Transit sites (Prox 2).  Geometric microliths (Geo) clearly 
relate differently to the three classes.  Microliths associated with Multidims are generally near 
permanent water and reflect a relatively slight spatial relationship with Engraving or Transit (EgvTT).  
Expanding the search area to include the presence of microliths and EgvTT proximity at 500 m from 
water yields no additional hits.  Unidim+microliths have no proximity to EgvTT and are all within 100 
m of water.  Contrast these finding with Transit microliths which seem to prefer a proximate 
relationship with EgvTT (63%) and or a greater distance from water. 
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Figure 35:  Artefact trends for the BMNP (mean), Multidim, Transit and Unidim site classes 
against a water-proximity model (Engravings and Transit site class proximity). 
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Points/blades and miscellaneous tools are primarily associated with Multidims and therefore 
mirror the mean.  All points/blades and tools associated with Transit classes exhibit little to no 
proximity to EgvTT and are located near sources of permanent water; the trend running counter to the 
class average.  This is evidence of a split in the Transit class between ecologically inclined assemblages 
and those less inclined.  Waste flakes and small flakes for Multidims and Unidims indicate an overall 
close relationship to permanent water and little specialised proximity.  The opposite is true for the 
Transit class which has increased distance from water and a strong association with EgvTT.  This is 
another instance of activity indicator separation between Multidim/Unidim and Transit classes.  Large 
flakes and flakes with retouch or usewear graph similarly.  The preference is for locations near water.  
Transit sites have the highest proportion exhibiting proximity, but the trend is toward water not away.  
The Transit pattern is counter to that displayed by microliths and waste flakes. 
Taken as a whole the graphs indicate some fundamental differences between the three classes.  
These indicate variation in the activities related to the classes.  Multidims are more residential with 
their multifunctional and generalised assemblages; Transit and Unidims are more akin to base camp or 
special purpose camps.  The Transit class is the most remote from water but the significance of its 
proximity to EgvTT and more selective assemblage is difficult to interpret. 
The extent to which these differences are determined by environmental factors or choice is 
unclear.  The actual frequencies are insufficient.  Over 90% of Transit geometrics are in elevated 
positions (table above).  Are activities being directed by specific goal oriented behaviour or indirectly 
by site location?  The answer is a combination of the two. 
  
Elevation  The significance of the trends in Figures 35 can be tested by contrasting them with 
a less qualitative measure of associations.  Figure 36 uses the same format as the water-proximity 
model but replaces measures of selective proximity with measures of relative elevation.  The aim of 
this series of graphs is to evaluate the subjective influence of proximate locations against an 
environmental model.  Are people choosing to be near something or is their location just the result of 
ecological forces? 
 Figure 36 is read the same way as the water-proximity figures; the two sets of graphs can be 
interpreted side by side.  The BMNP is the mean and represents the regional norm.   
The graphs in Figure 36 display the proportional relationship within each site class of seven 
categories of artefacts:  as they relate to 1) sources of permanent water <100 m distant; 2) high relative 
elevation and <100 m from permanent water (HRE 1); 3) high relative elevation >100 m and within 
<500 m of permanent water (HRE 2).  
Geometric microliths are again notable.  The trend in this water-HRE model is away from 
water and towards elevated positions which is in contrast to the BMNP norm.  Points/blades display a 
similar but weaker trend.  Waste flakes show a rather even breakdown.  This pattern of movement 
shows a strong association between HRE and microliths and possible points.  Thus, regardless of the 
site class the presence of microliths indicates a more selective level of organisation.  When microliths 
are present in Multidims they move opposite the class mean, indicating a separation of activities within 
the class. 
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Figure 36:  Artefact trends for the BMNP (mean), Multidim, Transit and Unidim site classes 
against a model of high relative elevation (HRE) . 
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As with Transit points and tools, Multidim geometrics indicate the need for a separation in 
activity.  Multidim geometric proportions in this model indicate a distribution away from the core 
domestic camp (i.e., occurrences <100 m).  This is counter to the class average.  Therefore I think 
geometrics represent a satellite activity.  This is consistent with Witter’s (2000:57) interpretation of 
geometrics as evidence of a split in gender related activities.  Even when geometrics are found in 
relation to the most domestic site class they show signs of a separation in activity. 
Waste flakes, small flakes and large flakes gradually split in Multidims demonstrating a 
probable fall off of activity.  The opposite is true of Unidims where they dominate the relatively water-
low areas.  Transit waste and small flakes indicate a pattern towards the more remote areas. 
Tools gradually fall off for Multidims as distance from water and elevation increase, as 
expected from the previously indicated residential structure.  Unidim tools show a similar preference 
for water, but possibly a greater spatial range.  This wider area use and limited artefact diversity is 
expected from a likely logistical camp structure.  Transit tools, large flakes and retouch usewear show a 
preference for water-low areas.   These Transit sites are likely the result of a drop-off in activity. 
When categories score equally in the water-proximity and water-HRE models, it is impossible 
to judge which features influence artefact/site locations.  High HRE and low Prox proportions are some 
indication that ecological forces are driving the distribution.  In general terms the proportions of HRE 
for Multidims and Unidims are substantially higher than the proportions of Prox EgvTT.  Unidims tend 
to favor lower elevation than the mean, but when HRE positive they tend to be distant from water 
(>100 m).  This is interpreted as evidence of a logistical, resource procurement function.  Elsewhere, 
the clinal nature of the water-HRE Multidim graph indicates a residential style drop-off as activity 
moves away from the source, which is near water at low relative elevation.   
The Multidim microliths trend is opposite to the clinal pattern; more selective (elevated) areas 
are preferred over the class average.  They represent a separation rather than a drop-off in activity (cf. 
Attenbrow 1987:184).  
Transit sites overall prefer HRE but only those Transit sites with geometrics, waste flakes, and 
small flakes prefer an EgvTT proximity.  Although other activity categories exhibit a trend towards 
HRE, they noticeably move in the opposite direction when near EgvTT classes.  The Transit class itself 
may be a type of special purpose site, but the above evidence suggests a further split within the class 
between sites associated with tools, large flakes and retouch/usewear and those associated with 
microliths, waste flakes and small flakes.  
 
Interim Summary  At this juncture there is an apparent variation in artefact diversity between 
site classes and to some extent there is significant variation within site classes.  Most of the differences 
are clearly environmental in origin, but there are some inconsistencies with this ecological model.  
Certain activity indicators are demonstrating a distinctive liminal organisation of activities:  
geometrics; waste flakes; small flakes; assemblages lacking cores and cortex.  The implications and 
behavioural significance in the artefact variations at this stage are difficult to judge.  There are strong 
indications that the liminality associated with certain activities is not always consistent with an optimal 
foraging model, a drop-off in activity as the distance from resources increases.  Certain activity 
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indicators seem to target a specific combination of features which indicate a conscious push for 
separation from the norm.  
The analysis thus far shows that Multidims and Painting classes are closely related and most 
closely reflect a residential structure (higher diversity and density, see Simek 1984).  From a logistical 
standpoint, Unidims can be thought of as special purpose/resource gathering sites (low diversity and 
density, see Binford 1980; Yellen 1977:95).  Transit and AggEgv are demonstrating more selective/ 
special purpose sites (high diversity and low density, see Andrefsky 1998).   
What other artefactual relationships occur at sites that have activity indicators unlike those of 
most of their class is not yet apparent.  This is where a MCA is best applied.   
  
 
6.6.2  Lithic Assemblage MCA 
The aim of the MCA in this part of the analysis is to seek relationships in the artefact classes which 
have shown a tendency for liminal spatial distributions.  Distinctive ordering, selective groupings, and 
distinctive associations of values are all hallmarks of liminal distributions.  The section begins with a 
MCA for cores and cortex which is then followed by a combined analysis of points, tools and 
geometrics.  (See section 6.2.2.5 for the MCA format.)  
  
Cores and Cortex  Figure 37 (next page) displays the object positions (row profiles) of the 
sites/artefacts associated with cores and cortex.  Figure 37 displays the object positions as they relate to 
HRE and various combinations of cores and cortex.  The corresponding variable positions (column 
profiles) are found in Figure 38.  The IM for the figures is 164 x 61 with a DCA index of 23 and PIE 
score of 14 : 9 : 6.  Table 43 contains the codes for the row profiles. 
 Variables related to the specific question being asked (i.e., cores, cortex, HRE) are removed, 
so the remaining variables are free to vector.  This is done to explore evidence of an underlying 
structure beyond the previously identified frequency associations. 
Figure 37 has the familiar dichotomy between elevated features on the right and low lying 
features on the left of the primary axis.  Transit sites which have little to no association with cores or 
cortex are clearly right.  LRE Paintings, Multidims and Unidims are left.  The left side generally has 
the bulk of the core or cortex-only assemblages.  HRE Unidim sites are mixed in with the Transit class 
along the primary axis.  They are separated from the left by HRE Multidims.  Strictly in the first 
dimension there appears to be a relationship between the diverse classes on the right beyond a simple 
association with HRE (remember HRE itself is not in the IM); which is similar to the stone material 
row profile.  This observation is explored below. 
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Table 43:  MCA codes for core and cortex analysis. 
 
Class Code 
• (A) – Axe grinding groove class; (E) – Engraving class; (M) – Multidim class; (P) – Painting class; (T) – Transit class; (U) – Unidim 
class 
 
Class codes are used in combination with the following activity codes: 
Cortex   
• (X) – denotes cortex only present at high relative elevation (found on a flake or implement other than a core) 
• (x) – denotes cortex only present at low relative elevation (found on a flake or implement other than a core) 
Cores 
• (C) – denotes cores only present at high relative elevation 
• (c) – denotes cores only present at low relative elevation 
Combined 
• (B) – denotes both cores and cortex present at high relative elevation 
• (b) – denotes both cores and cortex present at low relative elevation 
 
 
Figure 37:  Cores and cortex MCA object plot. 
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In a metric interpretation, the best cluster is on the lower right and comprises the majority of 
the Paintings and LRE Multidims.  This group is most closely associated with cortex.  It is different 
from the trend of HRE Multidims moving towards the top of the graph along the second dimension 
(2D).  Between these two areas along the diagonal are the remainder of the LRE sites.  The difference 
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between HRE Painting (lower left) and HRE Multidims (upper 2D) likely indicates different functions 
for cortex only sites (late stage production) as opposed to combination cores-and-cortex sites (more 
primary production).  The diagonal (not inclusive of the Transit ‘T’ tail) is representative of the norm 
for the region; especially in the case of widespread bipolar technology.   
Transit sites, generally lacking cores or cortex, are less inclined to cluster but are firmly 
associated in the ‘D’ quadrant (see section 6.3 for quadrant delineations).  These represent a tail off the 
norm.  The row profile indicates cores, and cortex associations are mixed in the ‘D’ quadrant.  As with 
the stone material analysis (section 6.5) and the axial interpretation above, this mixed type of 
association between various classes is interpreted as possible evidence of microcosmic activity.  This is 
where mobile groups are moving into a select region and then formalising their spatial activities by 
spreading activities out around the landscape.  MCA compares relationships among and between 
variables and rows, not simply the rows alone – this artefact level of analysis is not influenced by site 
classification (cf. Holdaway et al. 1997; Johnson 1984). 
If this geometric positioning in the ‘D’ quadrant is true in real space (investigated in the 
distance matrix) then the special nature of the diverse assemblages may well represent a spread in the 
tasks associated with place rather than special-task logistic organisation.  Tasks (represented by site 
classes associated along the lower right side of the primary axis) may be separate parts of a very large 
single camp structure.  This is mere speculation from an indicator matrix (no actual physical 
associations may exist between row points) but it does fit nicely with the expected associations 
between artefacts described in sections 3.3.2 and the ritual use of space described in section 4.7.2. 
Figure 38:  Cores and cortex MCA variable plot. 
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A geometric interpretation of row (Figure 37) and column (Figure 38) profiles begins to reveal 
the underlying structure of the row profile.  The clustering around the centroid indicates the average 
row profile. 
In general the column corners form a triangle typical of MCA analysis.  Large assemblages of 
tools form at the apex along the second axis, paintings the lower left, sites associated with high 
visibility in the lower right.  The overall pattern is similar to that of the stone material MCA, though 
inverted, and the presence of cores and cortex likely relates to the type of raw material in an 
assemblage.  (Quartz for instance is less likely to exhibit cores and cortex.) 
The top of the plot is influenced by the density of lithics, the left side by association with 
subsistence features and the right side by the more liminal aspects of the region (see box models in 
section 6.4).  The lower left side shows two types of associations for Transit and related classes.  The 
most extreme are those classes primarily associated with highly elevated features.  The classes closer to 
the origin, but still clearly left indicate high levels of liminality (e.g., select topography, relatively 
marginal subsistence, select proximities) and are associated with decreased presence of cores and 
cortex.  However, this second group is more geared toward subsistence being equidistant between 
subsistence features and the more extreme parts of the environment (right).  This suggests that the more 
limited occurrences of cores and cortex, for whatever reason (type of stone material, late stage 
production, maintenance etc.) indicates a swing towards liminality.   
In a linear interpretation of the column profile (starting on the left) are base camp style 
specialised maintenance activity associating with LRE Paintings, Unidims and Multidims; in the 
middle are generalised residential activity with likely high levels of resource procurement; on the right 
moving down is a more distinct separation in special-task oriented behaviour – a discrete association of 
diverse sites in a select environmental setting equating to what in effect would be a very spread out 
base camp.  This accounts for the second trend noted above, the equidistant subsistence and 
environmental extremes.  This is exactly the type of relationship expected from ceremonial activity: 
distinct separation in activity (evidenced through variation in site class) and a proximate relationship to 
‘support style’ classes (Multidim, Unidim) (see sections 3.3.1–3.3.3).  This assumption needs 
verification in the distance matrix.  Nevertheless, in very general terms the low occurrence of cores or 
cortex acts as an indicator for probable liminal behaviour. 
When low levels of cores and cortex associate with a mixture of site classes it is likely that 
activities are being selectively spread around a special task area.  When low levels of cores and cortex 
occur in isolation it is likely this represents the drop-off in occupation. 
 
 Points, Tools and Geometrics  Figure 39 displays the object positions (row profiles) of the 
sites/artefacts associated with points/blades, miscellaneous tools and geometric microliths.  Figure 39 
displays the object positions as they relate to general measures of assemblage size and various lithic 
associations.  The corresponding variable positions (column profiles) are found in Figure 40.  The IM 
for the figures is 91 x 57, with a DCA index of 27 and PIE score of 14 : 10 : 7.  Table 44 contains the 
codes for the row profiles.  The matrix variables related to the specific question being asked are 
removed, various categories related to points, tools and geometrics are excluded. 
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Table 44:  MCA codes for points, tools and  geometric microliths lithic analysis. 
 
Class Code 
• (A) – Axe grinding groove class; (E) – Engraving class; (M) – Multidim class; (P) – Painting class; (T) – Transit class; (U) – Unidim 
class 
 
Class codes are used in combination with the following activity codes: 
Points   
• (p) – denotes point assemblage <=5 
• (P) – denotes point assemblage >5 
Tools 
• (t) – denotes miscellaneous tool assemblage <=5 
• (T) – denotes miscellaneous tool assemblage >5 
Geometrics 
• (g) – denotes geometric microliths assemblage in association with points or tools 
• (G) – denotes geometric microliths assemblage in isolation from points or tools 
 
  
Figure 39:  Points, tools and geometrics MCA object plot. 
-4 -2 0 2 4
-3
-2
-1
0
1
2
  Aptg
  Mpt
  MpTg
  Mpt
  Mpg
  Mptg
  Mptg
  pg
  Mptg
  Mpt
  MpTg
  Mptg
  Mpt
  Mptg
  MpT
  Mpt
  Mp
  Mpt
  Mpt
  Tp
  MpTg
  Tpt
  Ppt   Mptg
  Mpt
  Mpt
  Tpt
  MpT
  MpT
  Tpt
  Ppt   Mp
  Mp  Mpg
  Tp
  Mptg
  MPt
  PPT
  MPTg
  MPTg
  PPT
  MPT
  Ut
  Tt
  Mt
  Mt
  Mt
  Mt
  Ut
  Pt
  Tt
  Pt
  Mt
  Ut
  Mt
  Pt
  Tt
  Ut
  Mt
  Pt
  Mt
  Ut
  Ut
  Mt
  Ut
  Mtg
  Tt
  Mt
  Mt
  Mt
  MT
  MT
  UT
 MT
  T
  UG
  UG
  TG
  TG
  TG
  TG
  TG
  TG
  TG
  TG
  UG
Points, Tools, Geometric DCA Obj.
Points
Tools
Geometrics
No
Ge ome trics
 
There is an interesting split between sites with geometrics on the right and those with few 
geometrics on the left.  The rare geometrics on the left are part of large or diverse assemblages (g); on 
the right geometrics are the primary implement (G).   
The secondary axis causes some interesting clustering.  Reading from bottom to top along the 
second axis two tails make a ‘V’ shaped plot.  Large assemblages of tools and small occurrences of 
points at the vertex of the ‘V’ slowly give way to large assemblages of points and small occurrences of 
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tools along the left.  Paintings begin to increase as the second axis crosses the first and assemblages of 
points and or tools are generally small.   
On the right, geometrics begin to appear as part of diverse assemblages.  The upper right 
quadrant ‘B’, the right tail of the ‘V’, is significantly different from quadrant ‘A’, the left tail, in that 
the points and tools which dominate ‘A’ are replaced by the occurrence of geometrics.  As with the 
cores and cortex MCA, row points relate to function.  The primary areas of production and 
procurement at the vertex, secondary production increasing along the tails and finally maintenance or 
special-task oriented activities at the ends.  The ordination along the ‘V’ indicates that the secondary 
avenue of activity has two distinct prongs; one characterised by points and tools, the other by 
geometrics.  The nature of the vertical spread is clear in the interpretation of column data (below). 
Figure 40:  Points, tools and geometrics MCA variable plot. 
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Geometrically, in a symmetric plot of both column (Figure 40) and row points (Figure 39) the 
bottom of the plot is characterised by a proximity to quarries and the presence of large flakes; the 
vertex of the ‘V’ likely associated with the procurement and primary production function.  The cluster 
low and to the left of the centroid is characterised by the presence of cortex and is likely a mix of 
primary and secondary production.  The ‘V’ split is due to the increase in select topographic features on 
the right (ScndFT, NatDemAr), HRE and increased visibility (180_Vis).  Geometrics while still part of 
the norm, are showing a tendency to associate on the outskirts of principal activity (opposite the 
dominant left side of the ‘V’).  The trend is clear at the tail where geometric dominated classes (G) 
strongly associated with a proximity to Engravings and stone arrangements.  This gels with the 
frequencies of geometrics which occur most strongly opposite the average subsistence-geared site 
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classes (Figures 35 and 36).  It is highly probable that geometrics are evidence of a parallel activity.  As 
Witter (2000:29, 57), among others,81
Table 45:  Lithic material box indicator of liminality. 
 has commented, the selective distribution of geometrics likely 
indicates special-purpose activity outside of the norm.  The above MCA strongly supports this notion. 
The spread of geometrics around the row plot, but largely absent from the subsistence geared 
‘A’ quadrant is a good indication that geometrics are operating within the norm of activity, but trend 
away from the norm.  This is precisely the distributional quality of lithics that indicates formal discard: 
finished products, probable conservative function, associative maintenance, feature dependent (see 
section 3.3.2).  Activity related to geometrics is not intrinsically liminal, although the trend is for 
separation from the norm.  
 
Lithic Diversity Analysis Summary  The presence of a single artefact does not indicate 
liminal activity, but certain indicators do indicate trends towards liminal activity.  The low occurrence 
of cores and cortex and the presence of geometrics both indicate liminal trends.  These trends seem to 
indicate a graduated distribution in activity indicators. 
The distribution of material follows one of two general paths: 1) from procurement to late 
stage production and maintenance at LRE, geared for subsistence; 2) from late stage production to 
maintenance and special-task activities at HRE, geared towards select topographic features.  This is a 
simple and convenient way to sum up a model; some combination of the two is likely.  In fact 
combinations are exactly what prove most telling.  The microcosmic activity at the more liminal ends 
of the two MCA above indicate that support camps are likely to relate to most liminal camps.  Thus for 
artefact occurrence at a camp to truly indicate liminal behaviour, and not simply an isolated camp, it 
should exhibit associations outside its own class.  Such associations occur in the proximities, where 
various site classes mix near liminal termini.  The distance matrix (chapter 7) identifies this type of 
spatial relationship. 
For the distance matrix to function it must be feed liminal criteria.  The lithic analysis yielded 
two indicators: low probability cores-and-cortex, high probability geometric microliths.    
 
Liminal Indicator (1) – Low levels of cores-and-cortex in association with a mixture of site classes 
and select environmental features. 
 
Liminal Indicator (2) – The presence of geometric microliths especially when not in association with 
evidence of primary production. 
 
 
 
6.6.3  Summary for Stone Tool Manufacture, Maintenance and Materials 
Places associated with stone tool manufacturing are different from places associated with their 
maintenance (Wandsnider 1996).  The place where stone tools are sourced or maintained can influence 
the tools’ roles in society.  Selective places are likely to be associated with sacred powers (Bradley and 
Edmonds 1993; Cooney 1998; Cooney et al. 1995; Hampton 1997; Jones and White 1988; Taçon 
1991).  Likewise, the increase in ‘stylistic principles’ (e.g., size, shape, longevity, number of 
                                                          
81 See Kohen (1986); McBryde (1974); McCarthy (1972); Stockton (1993). 
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production stages after Gero 1989 see section 3.3.4) relate to an increase in an ability of stone tools to 
indicate or cue specific social behaviours (cf. Isaac 1977; Pétrequin and Pétrequin 1993), one of which 
is religion (cf. Hampton 1997; Witter 1989, 2000).  I interpret the increase of quartz at liminal places as 
indicating both the principles of rationalisation and the need to use specific places.  The place itself (cf. 
de Polignac) was important, so too the local raw material.  The distribution of raw materials within the 
region indicates that the activities related to ‘quartz only’ sites are likely to be different from the norm.  
Geometric microliths are stylistically special, functionally enigmatic, and selectively distributed.  
Geometric microliths indicate a divergent distributional tail when compared with the more definitive 
bondi points.  Although the two blades are technologically related they occupy different niches.  Bondi 
points are utilitarian, as they are concentrated in Multidimensional shelters sites, and the few I have 
seen tend to show significant usewear on the sharp edge or ‘chord’ (cf. Witter 1995:140).  Geometrics 
microliths are related to more liminal activities with virtually no detectable usewear.  While in some 
cases bondi points occur on workshop floors as preforms or finished products, those workshops are 
within domestic camps.  Geometrics sometimes occur with significant debitage in workshops but near 
to domestic camps rather than exclusively in them.  This indicates that actives related to geometrics are 
separating from the norm. 
 Select geographic places exhibit select lithic activities.  Across the region the use of places 
indicates variation in activity, not simply the same activity in changing environmental conditions.  A 
spatial behaviour where new activities produce new patterns.  For some sites, the selectivity of places, 
the seemingly formulaic distribution of artefacts (but as yet unconfirmed) and the inherent cue potential 
of implements indicates a ceremonial association.   
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6.7  Grinding Groove Analysis 
Grinding grooves indicate where people spent time.  They identify places which may have rather 
limited knapped lithic remains.  Variation in groove location, structure and size indicates possible 
differences in human activity (cf. Attenbrow 1987; Attenbrow and Negerevich 1981; McCarthy 1955; 
Stockton 1993c; Vinnecombe 1980).  Like lithics, however, grinding grooves should be thought of in 
general terms as multifunctional and trying to be too exact in ascribing specific uses to specific groove 
measurements should be attempted only with care (cf. Evans 1980).  For these reasons grinding groove 
data is examined in a very generalised manner. 
 Attenbrow (1987:117) identified three main categories of grinding grooves in the Sydney 
Basin.  
1. Narrow grooves = spear sharpening grooves 
2. Average grooves = axe grinding grooves 
3. Outsized (or broad) grooves = plant or other material processing (e.g. shell grinding) 
Outsized grooves as a category are almost non existent (or unfound) in the BMNP region, narrow 
grooves are also rare, while average grooves or axe grinding grooves dominate the region (c. 94%).  In 
terms of analysis, narrow grooves can only be interpreted on a case by case basis.  The default category 
for grinding grooves in the following analysis is axe grinding groove (AGG).  
  
Depth   Previously recorded grooves (118 assemblages) in the region generally fail to state the 
condition of the outline (e.g., faint or sharp) resulting in ambiguous measurements of length and width, 
but in most cases give an accurate measure of depth.  In surveys conducted for this project (41 new and 
10 revisited/re-recorded assemblages, totaling 348 grooves) it was noted that the mass majority of 
grooves (90%) fell into the average range (between 60–90 mm) in terms of width, while length was 
highly variable conforming to a continuum rather than discrete groupings (cf. Attenbrow 1987:139).   
Measurements of depth were rather more discrete, an experimental K-means cluster analysis 
ranging between 5–40 mm, found grooves generally split into two groups of <15mm (5–10 mm 
average) or >15mm (20–30 mm average).  The most efficient means of differentiating between 
grinding grooves in terms of measurements therefore was by depth.  While necessarily limiting the 
result, in field tests (revisited sites) it generally offered an accurate, and viable, method of 
differentiating between groove assemblages.  When several grooves were recorded together the highest 
and lowest measurements were eliminated and the remainder generated an assemblage average. 
  
Number   The number of grooves and the structure of grooves in an assemblage also offered a 
means of differentiation between grinding groove areas.  In terms of the number of grooves in a group, 
Attenbrow’s (1987:140) K-means cluster analysis generated two groups: <=5; >10 to >80.  Attenbrow 
recorded only 22 grinding areas, in comparison the BMNP region has 159 recorded grinding areas.  
This number of grinding assemblages, 159 across all site classes, accords an assessment of groove 
distribution according to the number of grooves in an assemblage.  A cluster analysis indicated three 
groups: <=5; 5–20; >=20.  
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Structure   Another relevant variation in grinding assemblages is the manner in which they 
are spread across an area.  (‘Sets’ of grooves within an area, after Carr 1984:114–115).  Clusters of 
groove sets may indicate a different activity than linear groupings of groove sets.  Linear groups of 
groove sets are noted when an assemblage is roughly four times as long as it is wide indicating a spatial 
separation in activities.  All grind areas less than 4 metres in length are considered clusters.  Large 
groove areas can exhibit both types of structure (c. 19%).  The function of a linear or clustered groove 
area can have many interpretations (environmental or social) but each results in a distinctive spatial 
arrangement: linear indicating a spread in activity; cluster indicating a concentration of activity.  The 
relevance of this distinction can only be determined in conjunction with other archaeological data. 
 The aim of the axe grinding groove analysis was to determine the relationship between 
variations in groove depth, structure and number as a method for examining spatial distributional trends 
in the BMNP.  As with the other analyses, the priority is the identification of liminal trends.  Patterns 
identified can be collated with other analyses to gain a broader understanding of the region’s 
continuum of material culture.  The frequency of BMNP grinding areas is in the table below. 
Table 46:  BMNP grinding groove index frequency table. 
f* SC %
31 AGG depth<=15mm 68 43%
32 AGG depth>15mm 90 57%
Depth Totals 158 100%
26 AGG<=5 60 38%
27 AGG>5<20 72 45%
28 AGG>=20 27 17%
Number Totals 159 100%
29 AGG linear complex 41 29%
30 AGG clustered complex 72 50%
N/A Dual structure* 30 21%
Structure Totals 143 100%
Variable/CategoryMatrix  Number
Grinding Grooves 
 
*Previous recordings are sometimes limited which means not every grinding grooves set is 
present in each category. 
 
 
6.7.1  Grinding Groove PROC FREQ   
Frequency of grinding groove numbers, depth and structure display a strong relationship with relative 
elevation.  Table 47 below summarises the results.  Table 47 represents 94% of the total grind areas.  
Grooves in site classes other than Axe Grinding or Engraving were not included.   
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Table 47:  Axe grinding relative elevations, grind numbers, groove structure and depth. 
Relative Elevation/Grind Number/Groove Structure and Depth 
Category Grind # 
High Relative Elevation Low Relative Elevation 
Groove Structure Groove Depth Groove Structure Groove Depth 
Cluster Linear <15mm >15mm Cluster Linear <15mm >15mm 
# % # % # % # % # % # % # % # % 
Engraving 
(18) 
<=5 5 28% 5 28% 5 28% 5 28%         
5–20         2 11%     2 11% 
>=20 1 6% 5 28% 3 17% 3 17%         
Axe 
Grinding 
(131) 
<=5 15 12% 13 10% 19 15% 9 7% 15 12% 1 * 5 4% 11 8% 
5–20 14 11% 31 24% 19 15% 26 20% 18 14% 3 2% 4 3% 17 13% 
>=20 7 5% 9 7% 5 4% 11 8% 4 3% 1 * 1 * 4 3 
Totals per variable 
section (149) 42 28% 63 42% 51 34% 54 36% 39 26% 5 3% 10 7% 34 23% 
Totals by elevation 
(High 105) (Low 44) 40% 60% 49% 51% 89% 11% 23% 77% 
  
Around 71% of the BMNP grinding areas have a high relative elevation (HRE).  The findings 
are comparable with Attenbrow’s (1987:172) distribution of grinding grooves where 74% are found at 
elevated positions.  Density of grooves, the number of grooves per site (Grind #), however shows a 
relatively even split (proportions) between relatively low and high elevations.  BMNP grinding groove 
density contrasts with Attenbrow’s (ibid.) findings where an increase in density paralleled an increase 
in relative elevation.  In strict frequencies, however high elevated sites have the highest incidence of 
large (>=20) grinding areas. 
The BMNP numbers indicate that the same activity (related to the grinding action) was being 
carried out in all locations, but with a preference for elevated positions.  This has interesting parallels 
with geometric microliths, where the general distribution of a class of artefacts follows the same 
location preferences (although geometrics have a much lower overall frequency).  The crux is that the 
action of grinding, in the BMNP, seems to mark itself as less inclusive and more restricted in location.  
The extent to which this is evidence of selective behaviour (e.g., good viewing) or simply a response to 
the environment (e.g., the presence of Hawkesbury Sandstone) needs expansion.  Again, obviously the 
answer is a combination of both but the underlying question relates to the ratio of the mix. 
The most telling aspect of Table 47 however is when the structure and depth of grooves are 
taken into account.  The deeper grooves are far more likely (3:1) to occur at low relative elevations 
(LRE) than high (1:1).  While this could indicate a different activity (Attenbrow 1987:175) I think it is 
more probable that it simply indicates more activity (intensive site use or reuse of the relative shortage 
of Hawkesbury Sandstone at LRE), remembering that most grooves in the region belong to the 
‘normal’ or AGG shape. 
In terms of structure the proportions are even more distinctive.  LRE grooves cluster 89% of 
the time and HRE grooves cluster only 40% of the time.  Within the matrix there is a decided shift 
towards linear groups of grooves as location selection shifts from low to high.   What this means in 
terms of behaviour is difficult to say at this point.  It indicates that grinding activities at LRE are more 
concentrated than those at HRE, which appear equally dense proportionately but more spread out in 
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space.  What is needed is to cross AGG depth and structure against environmental and class proximity 
data to see if these early trends hold and show selective (liminal) characteristics. 
 
Proximity  Figure 41 shows AGG depth and structure (as a percentage of each variable’s 
total) across various categories of spatial proximity (section 6.4.4).  BMNP is the mean.  For example, 
linear arrangements of grinding grooves that are greater than 15mm deep (Lin>15 n33) and only have a 
proximity with Transit class sites (category TT) occur 2 times (6%).  The BMNP regional mean is 14 
(8%). 
Figure 41:  Grinding groove depth and structure (with frequency) by site class proximity. 
The most dominant relationship proximity is the combined AGG and Transit site classes (AGG/TT).  
This is especially true for the deeper grooves (>15mm).  Next, is the relationship or lack of proximity 
shown by 32% of the shallow (<15mm) clustered grooves.  These two measures show that deeper or 
well-used grooves are associated with more utilitarian or ecological aspects of the distribution of 
occupation (open expanses of Hawkesbury Sandstone near occupation sites).  The grooves occur where 
the environmental or economic index is highest.  In contrast the majority of shallow clusters occur with 
no proximity, equating nicely with an ad hoc grinding model. 
The more shallow and especially the linear grooves have a slight association with Painting and 
Drawings (P&D site class) and a more positive association with Engravings.  In other words, in moving 
proximate to engravings the trend for linear and shallow grinding grooves increases. 
 In short, the crosstabulation of grinding groove depth and structure with a proximity model 
illustrates a continuum of grinding grooves for the region between LRE clusters and HRE linear 
distributions (box summary table below).  
Table 48:  Grinding groove continuum for the BMNP. 
 
Grinding Groove Continuum BMNP 
 
• (pole) LRE AGG are clustered and deep; � 
• (mean) an increase in elevation and distance away from shelter increases the frequency of AGG and 
assemblages become more linear and begin to decrease in depth; � 
• (pole) HRE assemblages are linear and shallow in proximity to Engraving; or 
• (alt. pole) assemblages are clustered and shallow with no associated proximity. 
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Environment   It appears that linear shallow AGG assemblages are showing characteristics of 
liminal distribution.  They are structurally part of the regional norm (in frequency and via proximity) 
but have a more selective association than the norm or its utilitarian average (that is the preference for a 
distribution near shelters, cf. Attenbrow 1987:184).  What is needed is an assessment of the 
environment in which the different AGG assemblages are being located.  In this section the select 
topographic features model (section 6.4.3) is used to test for liminal environmental associations.   
Figure 42 below is a bar chart displaying the crossed AGG variables for depth and structure in 
various categories relating to selective topographic features.  Again BMNP is the mean. 
Figure 42:  Grinding depth and groove structure by special features (depth is measured in mm). 
  
The dominant feature of the above figure is the obvious strong association between the 
selective topographic features (‘All’ see Table 30) and linear shallow (Lin<15) AGG.  These areas are 
the most distinctive topographically (cf. Attenbrow 1987:184).  This association is also evident where 
assemblages have no (None) selective topographic features.  The deeper linear AGG (Lin>15) tend to 
have selective associations but miss the secondary features (No Second).  This indicates depositional 
sets which are distinctive, but not necessarily unique (see section 6.4.3).  The most common 
associations (None, Area Only) are also the most mundane and are primarily deep or clustered 
assemblages. 
 This is consistent with the continuum sketched out above.  The special topographic features 
models add more colour to the picture.  Linear and shallow AGG are distributed differently from 
clustered and deep AGG.  The two distributions represent the poles of behaviour in terms of frequency, 
yet linear and shallow AGG are decidedly selective in liminality.   
Not all HRE grinding grooves are shallow and linear, but when they have a proximity to 
Engravings and are selective in terms of topography they are very likely to be shallow and linear.  This 
is evidence I think for a formal and lighter overall occupation: a pattern geared more for maintenance 
than primary production. 
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6.7.2  Grinding Groove MCA  
A grinding groove  MCA was run to further investigate the extended associations correlating to groove 
structure, depth and location.  Table 49 has a list of the categories used to differentiate between rows. 
Additional categorical data referring to grinding areas where both linear and clustered groove structures 
exist, but not extracted in the frequency analysis, is added to Table 49.82
Table 49:  MCA codes for grinding groove analysis. 
  
Variables related to grinding depth and structure have been removed from the MCA to allow 
the remaining variables to vector freely. 
 Figure 43, next page, displays the object positions (row profiles) of the grinding groove 
categories in Table 49.  The corresponding variable positions (column profiles) are in Figure 44.  The 
indicator matrix for the figures is 140 x 49, with a DCA index of 35 and a PIE score 18 : 8 : 6. 
 
High Relative Elevation (HRE) 
• (HL-) HRE, Linear, <15mm; (HL+) HRE, Linear, >15mm;   
• (HC-) HRE, Cluster, <15mm; (HC+) HRE, Cluster, >15mm 
 
Low Relative Elevation (LRE) 
• (LL-) LRE, Linear, <15mm; (LL+) LRE, Linear, >15mm;  
• (LC-) LRE, Cluster, <15mm; (LC+) LRE, Cluster, >15mm 
 
Combination Structure (Line/Cluster) 
• (HB-) HRE,  Line/Cluster, <15mm; (HB+) HRE; Line/Cluster, >15mm; 
• (LB-) LRE, Line/Cluster, <15mm; (LB+) LRE, Line/Cluster, >15mm. 
 
 
An axial interpretation of Figure 43 illustrates a basic dichotomy between low relative 
elevation (LRE) and clustered structures and high relative elevation (HRE) and the more linear groove 
assemblages.  This general division fits well with the frequency analysis.  The first dimension also 
shows a dichotomic relationship between the two axial extremes, where the deeper grooves are 
significantly associated with LRE and the structurally linear and shallow grooves represent the opposite 
pole.  However, row positions relating to depth are not as structured metrically as expected from the 
frequencies.  Both deep and shallow grooves are spread significantly around HRE categories, the right 
side of the primary axis.  This is an indication that the depth of a groove is not a true indicator of 
variance outside the primary axis.  In other words, a deep groove is probably LRE and shallow groove 
HRE, but in terms of vertical extremes (selective variance in the matrix) depth alone does not predict a 
penchant for specific variable associations.   
The row points spread and contrast along the diagonal axes, generally in relation to structure, 
however this only underscores the primary axis and is of no consequence to the thrust of the 
conclusions (see Greenacre 1987:445).  Diagonal variance is examined below in terms of vertical 
spread in the second dimension, not as a primary indicator of variance. 
 The distances between row profiles indicates two primary clusters.  This mirrors the 
dichotomies identified in the axial interpretation (above).  The vertical spread of the clusters is small, 
                                                          
82 Rows with a combined linear and cluster structure appear in analyses of proximity and topographic features causing a double 
count in some instance which may have resulted an overall error of up to 8%.  The MCA however shows the spread of these 
combined categories is not significant.  
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indicating the primary difference lies along the primary axis, which in this case is relative elevation 
(predicted from the PIE score). 
Figure 43:  Grinding groove MCA object plot. 
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The relationship between the row profiles (Figure 43) and column profiles (Figure 44) 
underlies the axial and metric interpretations.  The primary axis spread, apart from the natural 
categorical relationships, Table 49, shows a split between the more subsistence/utilitarian locations on 
the left (e.g., PxMulti, H2O100, SubMtAr) and those with high visibility factors on the right (e.g., 
180_Vis, Vis600 - Vis1000, RdHhPk).  The diagonals show a strong division between elevated quarry 
sites (the tail in B quadrant) and elevated engravings, especially homogeneous engravings (the tail in D 
quadrant).  Both are predominately linear, but quarry related grooves are on average deeper than 
engraving related grooves.  The large grouping in Figure 44 around the centroid indicates the average 
features of grinding areas (e.g., HwkStne, AcsOrt, Cmplx_St). 
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Figure 44:  Grinding groove MCA variable. 
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The continuum running along the primary axis, described above in Table 48, illustrates a 
general structural difference between LRE clusters and HRE linear assemblages and their extended 
variable relationships.  If most grooves are ‘average’, or axe grinding grooves, which represent a 
similar activity (the same assumption taken in the frequency analysis), then it is likely that the graphs 
are showing a behavioural continuum along the primary axis.  Intensive clustered grinding (primary?) 
verses less intensive spatially partitioned grinding (re-sharpening?).   
From the bunched associations around the origin it is apparent that the average relationship 
correlates strongly with the need for open expanses of Hawkesbury Sandstone, structured by 
association with water and most often found in association with large complexes of sites (depositional 
sets mixed with various site classes).  On average therefore grinding is not surprisingly 
environmentally driven: it is a practical activity.  The probable behavioural difference, on the other 
hand, is dictated by the axial dichotomy between the more residential variables (the LRE side) and 
those primarily associated with specific tasks (the right side HRE tails).  
The vertical spread of grinding categories associated with HRE, the right side tails, are well 
separated outside of the principal cluster.  This probably indicates specific HRE grinding groove 
activity associations (e.g., quarry, transit, engraving). The separation along (B) and (D) quadrant 
diagonals, demonstrates that linear grinding assemblages are more likely to hold the extreme matrix 
positions (horizontal and vertical axis spreads) which relate to selective variable relationship.  That is, 
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liminal places which have grinding groove associations are likely to be HRE, linear and shallow; but 
such grinding grooves and related features do not in themselves indicate a limen.  The MCA cannot 
replicate the strong frequency association between selective topographic feature and grinding grooves.   
The telling variable is ‘Secondary Feature’ (ScndFt) which is likely to indicate an association 
with all select topographic features.  In this MCA it has a close association with homogeneous 
engravings.  Related grooves are primarily HRE, linear, and shallow features, but the pointed 
relationship is not as clear as expected.  Strong liminal associations of topographic features would have 
seen the natural demarcated attributes (NatDemAr and NatDemFt) move closer to Secondary Feature.  
In other words, grinding grooves are likely to be selective in at least one topographic category, but are 
only rarely selective in all topographic categories. 
The last point to make is that at HRE the relatively deeper, structurally clustered, and 
increased density of grooves seem to relate to areas rather than specific places.  The bulk of these 
grooves (HB+ and HC+ in the main cluster on the right side) are principal transitory or fringe camps 
off the domestic camp.  Take for example the apparent strong association between HC+ and proximity 
to stone arrangements, at the bottom centre of the plot.  If for argument’s sake the stone arrangements 
were transitory markers as some have argued (Stockton 1993c:74) the related groove structure might 
represent the flow of activity from the subsistence/pigment art geared LC+ to the more liminal HL- 
near engravings.  The plot is not conclusive, but the argument appears logical.     
Pigment art is clearly related to low clusters of grooves which are generally deep (LC+) and 
moderate in number.  Engravings generally relate to high linear sets which are shallow (HL-) and 
although moderate in number have a greater tendency than pigment art to associate with large sets of 
grooves.  In very general terms, the behaviour related to grinding at the different art locations most 
likely ranges from the structurally mundane (LC+) to the more structurally formal (HL-). This will be 
explored in the next section 
 
Grinding Groove Analysis Summary  While it is not possible to say that the presence of 
AGG with certain accompanying attributes indicates liminal behaviour, it is possible to say that some 
AGG attributes are unlikely to associate with limen.  Grinding grooves in the BMNP with LRE 
attributes (clustered and >15mm in depth) are significantly less common in association with the more 
selective variables in the BMNP data matrix.  It is probable that grinding grooves in the BMNP with 
HRE attributes (linear and <15mm in depth) are likely to be associated with the liminal aspects of the 
BMNP data matrix.  These associations are only general and not specific.  For example, grinding 
grooves may be associated with engravings, but it is not true that all engravings have grinding grooves 
(cf. McDonald 1994:93).  According to the MCA and frequencies for the BMNP region, specific types 
of grinding grooves are not a predictor of liminality although they do sometimes exhibit a high 
association with limen (such as the linear grouping associated with track engravings, section 6.8).  
They are therefore useful as a sorting indicator for the distance matrix in chapter 7. 
Differences between LRE AGG and HRE AGG indicate a trend separating grinding from 
residential associations.  The trend is largely but not solely environmentally driven.   AGG show areas 
that were visited for other than strictly domestic occupation.  Certain extreme positions on the primary 
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axes and diagonals in the MCA clearly represent behavioural choice over pure utility.  In the past, 
significant time was spent at locations where grinding is recorded today.  The action of grinding seems 
to indicate a certain level of restrictiveness, beyond environmental criteria.  This separation was most 
likely the result of a division of labour.  The existence of AGG offers information as to how past 
cultures spread activity in a landscape.  
Table 50:  Grinding groove box indicator of liminality. 
 
Liminal Indicator – Grinding grooves which occur in moderate sized assemblages, are shallow in 
depth, and linear in structure are likely to have select associations, geared indirectly to 
subsistence. 
 
 
 
6.7.3  Summary for Grinding Grooves 
Grinding grooves are a tricky feature of archaeological information. The act of grinding itself is 
restricted by raw material availability and is likely to be compounded by gender labour divisions.  
Within these restrictions different types of grinding have different associations.   
• Mundane = deep, low lying clusters;  
• Resource Selective = deep, elevated clusters;   
• Selective = shallow, elevated, linear sets.  
Of these, the Selective grooves (linear and shallow groove sets) indicate a more restricted activity than 
in the normal continuum between low lying and elevated locations.  For example homogeneous 
engravings have few directly associated grinding grooves, and grooves within their vicinity are usually 
linear (structure) and shallow (depth).  In contrast, clusters of deep grooves occur in direct association 
with heterogeneous, naturalistic engravings (see section 6.8).  While much could be read into this, I 
think what is being seen is the replication of the same activity across space, only the act itself reflects 
changes in the various perceptions associated with different places.  Some places are more utilitarian 
and some places are more special, so grinding activity reflects the perceived degree of formality (cf. 
McCarthy 1955:318–319).  The places associated with shallow and linear grooves are likely to have a 
different role in the organisation of BMNP archaeology.  I think they show evidence of recharging axes 
at select places in order to draw some of the power of the place into the axe (cf. Cooney 1998; Stockton 
1993c; Taçon 1991).  They illustrate an important relationship between people’s perception of space 
and their material culture.  
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6.8  Rock-Art Analysis 
Rock-art is a body of archaeological evidence that offers not only functional, distributional information 
but it also indicates something about the more social side of material culture (McDonald 1994; Taçon 
1990, 1999).  Stylistic variation in rock-art relates to social diversity (Maynard 1965; Smith 1983; 
Wobst 1977).  It indicates something about the importance of place.  While all artefacts offer some 
social information, this is classically interpreted as the result of unconscious actions (e.g., discarding 
waste).  Rock-art on the other hand was deliberately placed at select locations (e.g., Nash 2000:9).  In 
most cases this action is assumed to be purposely linked to the place (e.g., Bradley 2000:70; Taçon 
1994:40).  This assumed conscious linkage with the land is perhaps why rock-art is often described 
with emotive language such as sacred or special (e.g., Arndt 1962; McCarthy 1961; Zvelebil 1997).  
These concepts were discussed at length in chapter 3.  
The background of rock-art research in the BMNP is found in section 4.4.  This section 
focuses on the specific and extended attributes of rock-art found within the study region. 
In the absence of traditional knowledge, or good, relevant ethnography, an analysis of rock-art 
needs to relate to a wide context to determine its function within material culture.  Specifically formal 
methods and analogy offer a systematic understanding of BMNP rock-art (Taçon and Chippindale 
1998:7–8; e.g. Clegg et al. 2001).  As Wobst (1977:319) stated, if archaeologists wish to understand 
how ‘stylistic’ behaviour (section 3.3.4) operates dyadically within and as part of culture we have to 
explain it in accordance with a broad cultural model (i.e., the BMNP data matrix), not in isolation. 
As long as we do not know more about the functions of stylistic behavior, in terms of its 
systematic articulations, the use of stylistic variability in archaeological research rests on 
shaky foundations.  This knowledge will not be accumulated as a by-product of 
traditional stylistic analysis.  Rather it will be generated only by means of problem 
directed research in which stylistic behavior is the explanandum, and in which style is 
more realistically integrated into the systemic matrix of which it forms a part.  (Wobst 
1977:319) 
 
In other words, ‘What are the general groupings of art and how do these categories relate to each other 
and the other site classes and variables?’  ‘Do engravings and paintings differ significantly in their 
extended relationships with other archaeological features such as lithics, grinding grooves, stone 
arrangements and/or environmental features?’  The preceding analyses indicate that pigment art as it 
relates to the aforementioned features is decidedly less liminal than engravings.  This finding is 
explored in more detail later in this section.   
The aim of the rock-art analysis is to determine the liminal associations of rock-art features. 
Analysing rock-art in conjunction with other archaeological information, that is in the same 
matrix (chapter 5), necessitates a more limited approach than in traditional multi-taxon (multi-feature) 
analysis.  The extensive categorisation of variables in respect to rock-art motifs (e.g., McDonald 1994 
records over 21,000 motifs for Sydney basin) would tend to bias a result against less (similarly 
constructed) categorical data (cf. Greenacre 1988:466; Weller and Romney 1990:85).  Pictures often 
contain many forms belonging to multiple categories, while stone tools for instance are generally 
categorised by a single form.  Basically, if a multi-taxon rock-art analysis was lumped with an 
unequally weighted analysis of other types of archaeological features, all the rows without rock-art 
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would have a lot of negatively scored dummy variables.  This would cause the polarisation of the non 
rock-art related rows in a correspondence analysis.  In such a case, the detail is actually masking the 
relationship – the relationship being the continuum, the use of places with rock-art and those without 
(e.g., McDonald 1994).  
Recorder bias can also be most efficiently controlled by restricting motif categories (cf. Barry 
1997).  Limiting the information overcame differences in interpreting motifs for sites not visited by the 
author or which have suffered recent damage or degeneration.   
Even studies which record multiple motif categories amalgamate those categories to achieve 
meaningful results.  McDonald (1994:201) found that the underlying structure (distribution) of 
engravings could only be analysed by collapsing motif taxonomies from 27 to 7 variables.  Even then 
only three of the seven variables proved to be ‘good discriminators’ (ibid.:203).  Without such 
amalgamations, the subtleties of variation between categories of a single variable (the art) masked the 
association.  The ‘stylistic’ clines (cf. Wobst 1977:300) that indicate liminal behaviour are generally 
apparent through less rather than more detail (section 3.3.4). 
 McDonald’s (1994) research advanced this limited approach.  Her work is the most recent 
extensive analysis of rock-art motifs in the Sydney Basin; it incorporates the BMNP region.  McDonald 
(ibid.:333) found that basic dualities underlie rock-art distributions: high-low (elevation); public-
private (attention-focusing); cluster-spread (topography).83  These dualities primarily relate to 
variations between pigment art and engraving techniques, which by definition have different medium 
preferences.84
 For all the preceding reasons, rock-art in the BMNP region was placed into three categories 
with two of the categories (engravings and paintings) to be examined for motif homogeneity (Table 
  And the densities of each art technique primarily relate to the presence of the 
appropriate medium (cf. Attenbrow 1987:174; Clegg et al. 2001).  The degree of motif homogeneity 
within an art assemblage is also an indicator of rock-art formality – the public-private duality (section 
3.3.4).   
‘Stylistic’ differences in BMNP rock-art are primarily concerned with the idea of separation 
(cf. Elkin 1949; McCarthy 1961; Stockton 1993c).  As McDonald (1994:158) noted Sydney rock-art in 
different contexts (shelter or open), primarily relates to technique, but can also fulfill different 
functions.  The more external associations an art assemblage has the more social it is, conversely the 
more restricted the art the more private it is.  This turns out to be true in terms of both ‘style’ and 
environmental context (e.g., d’Arragon 2000:43).  The more homogenous the ‘style’ the more private 
the location and vice versa.   
 
BMNP Rock-Art  The most telling aspect of rock-art in the BMNP is its context (Stockton 
1993c:68).  ‘Stylistically’ BMNP rock-art is relatively uniform (section 4.4).  Technique and the 
homogeneity of motifs however vary considerably.  This analysis identifies the context of these 
variations and the related variable associations.  
 As with the other analyses in this chapter the purpose of the rock-art analysis is to uncover 
general but significant trends.  These can then be explored in detail within the distance matrix. 
                                                          
83 Smith (1983) also found something similar in engraving sites; ridgetop sites being different from valley bottom sites. 
84 Many pigment art sites in the Sydney Basin have one or two engravings but this is very rare in the BMNP region. 
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51).  General assessments of assemblage size were also included.  The frequencies in the table below, 
like all frequencies in this analysis, refer to incidence and not artefact numbers.  Assessments of motifs 
follow McDonald’s (1994:206) correspondence analysis where animals and anthropomorphs correlated 
negatively with tracks. 
Table 51:  Rock-art index, frequency tables (categories) for the BMNP data matrix. 
Matrix 
Number Category f Index %
Relative to 
SC % BMNP %
33 Engravings<=2 4 2% 15% 1%
34 Engravings>2* 23 11% 85% 6%
35 Engravings>2&<2 motifs 10 5% 37% 2%
N/A Engraving Figurative Motifs (Animal or Anthropomorph) 3 1% 11% 1%
N/A Engraving Track Motifs (Bird or Roo) 20 9% 74% 5%
N/A Engraving Combined Motifs 4 2% 15% 1%
N/A Hand stencils and Paintings/Drawings 14 7% N/A 3%
36 Hand stencils 25 12% N/A 6%
37 Paintings/Drawings<=2 (+3x Stencil combo) 9 4% 17% 2%
38 Paintings/Drawings>2 (+11x Stencil combo) 44 21% 83% 11%
39 Paintings/Drawings>2&<2 motifs 10 5% 19% 2%
N/A Painting/Drawings Figurative Motifs (Animal or 
Anthropomorph) 40 19% 75% 10%
N/A Painting/Drawings Track Motifs (Bird or Roo) 2 1% 4% 1%
N/A Painting/Drawings Combined Motifs 3 1% 6% 1%
Totals 211 100%
*Some engraving occur in rock shelters and have a primary classification of Multidim in the general class breakdown. 
 
In the BMNP region, motif selection and technique were so closely matched that the 
additional categorisation (in the data matrix) was not an efficient means of identifying variation.  The 
frequency table (above) indicates a strong correlation between engraving and track motifs and a 
separate strong correlation between paintings and figurative motifs.   
Engraved figures are primarily related to elevated rock platforms in the valley heads which 
abut the main east-west ridge (Great Western Highway), the primary route across the mountains; tracks 
predominate in the more remote settings.  Tracks in the west are generally pecked (line) bird tracks, 
tracks in the east are generally ground (no outline) macropod  tracks.   
Originally paintings and drawings were separate categories but significant overlap between 
the techniques allowed me to clump them in order to generate a more influential category (see Stockton 
1993b:58).  This joint category is simply referred to as ‘paintings’ in the analysis.   
Stencils and paintings occur together (14x) but are also distinctly separate assemblages in 
many instances (11x) such that a separate category was deemed appropriate.   
Pigment colour (black, red, white, yellow) provided little additional information to distinguish 
between assemblages (see Wasilewska 1991) and would have required a large addition to the multiple 
indicator matrix (cf. Weller and Romney 1990:85).  The primary mediums are charcoal and red ochre.  
Most engravings are intaglio (probably pecked or drilled and abraded outline with no or little infill), 
paintings dry red or black outline and/or infilled and stencils are red or white (one occurrence of 
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yellow). According to McDonald (1994:179) and McCarthy (1988:18) all these techniques generally 
stem from the earliest sequences in the Sydney basin and continue right through.85
6.8.1  Rock-Art PROC FREQ   
 
McDonald (1994:173) notes a ‘spatial separation’ between intaglio motifs and pigment motifs, 
whether they coexist or not.  She uses this to anchor a diachronic analysis, which generally places the 
entire BMNP rock-art assemblage into the earliest art sequence.  This finding allows the entire 
assemblage to be treated as one chronological unit; albeit a broad time frame.  The notion of separation 
between techniques is most important – a notion which holds through time (ibid.).  Diachronically the 
separation highlights a change in focus, but functionally on a large scale it also relates to a public-
private duality.  Open ridgetop engravings are more homogeneous than those at the heads of valleys.  
Pigment art is far more heterogeneous.  According to McDonald (1994:344–345) who follows Wobst 
(1977) this indicates homogeneous engravings are private (liminal) and the heterogeneous pigment art 
is public (mundane) (section 3.3.4).  This conclusion is used as the basis for highlighting liminal 
associations in the rock-art.  The analysis focuses on the changes in associations of the regions rock-art. 
 
The place to start in analysing the BMNP region for evidence of separation within the greater rock-art 
assemblage is to compare technique with two distinctive environmental variables: 1) relative elevation 
and 2) distance to water (section 6.4.2).  These results are then crossed with the select topographic 
feature model (section 6.4.3).  Figure 45 is the result of this multi-way crosstabulation.   
Figure 45:  Distribution and relationships for special topographic features between pigment art 
(group n53) and engraved art (group n24) by relative elevations (high/low) and distance to 
permanent water (<100 m or >100<500 m).  
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Engravings and Paintings  The separation between low paintings and high engravings is 
immediately clear in the above figure.  Preference for select topographic features (All Special Features) 
is evident as elevation and or distance to permanent water increases.  These findings are consistent with 
McDonald’s (1994:256) numerically significant analysis, which finds the trend for engravings to 
become selective at HRE is not the result of random chance (ibid.:344).  While this pattern relates to 
the tendency of the natural environment to become more selective at greater elevations, the significant 
                                                          
85 See section 4.4 for review of rock-art chronology for the Sydney Basin. 
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level of heterogeneity (Figure 46 below) at low elevations near water, and limited heterogeneity at 
HRE distant from water makes a purely environmental explanation unlikely.   
Figure 46:  Index of heterogeneity for engravings and paintings. 
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The potential for heterogeneity is examined between the two techniques.  And although there are twice 
as many pigment art sites as there are engravings the number of motif categories recorded in the sites is 
virtually identical (Table 52 below).  According to McDonald’s (1994:341–344) similar findings, it is 
significant that the topographically select engraved art sites are homogeneous.  There is no intrinsic 
reason within the technique which makes one technique necessarily more heterogeneous than another. 
Table 52:  Total number of motif categories for pigment art and engraved art for the BMNP 
region (after McDonald 1994:342). 
 Pigment art sties Engraving sites 
Minimum 1 1 
Maximum 11 6 
Mean 2 1.93 
Stand Dev. 1.43 1.33 
 
Context is the most influential component.  Homogeneity increases in both paintings and 
engravings as they separate from the main body of cultural material, the sites/artefacts are located 
principally in subsistence areas (LRE, <100 m from water).  The process is more evident in engravings 
which have higher frequencies. 
 The increase in homogeneity of rock-art found relatively distant from principal occupation 
areas and in direct relationship with selective topography is not a surprising result.  Recent rock-art and 
landscape research has continually found an association between selective topographic locations and 
selective (homogeneous) rock-art (Bradley 2000:68–80; Nash 2000:9–12; Taçon 1999:34–42).  It 
seems that the artists have specifically sought out selective topographic locales in order to place the art 
in a liminal position.  And the exclusiveness of the position is carried over in a more conservative 
selection of motifs per assemblage.  People sought out special places to conduct special events.  The 
function of art in these locales is generally interpreted as representing a specific task-oriented 
behaviour.  This indicates a threshold apart from the more mundane residential locations and actions. 
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Stencils  Engravings and paintings operate differently where they occur most frequently.  
Stencils are most homogeneous (not associated with other pigment art motifs) when separated from 
both engravings and painting assemblages.  Stencils as a category represent a middle ground between 
the residential (public?) paintings and selective (private?) engravings.  (This is perhaps related to the 
relative ease in which stencils can be made.)  David (1992) outlines a similar distinguishing between 
sites with and without stencils, where different activities are likely to be associated with the change in 
the distribution of art.  The trend should become more obvious in the MCA row profile analysis in the 
following section. 
Figure 47:  Index of heterogeneity for stencils. 
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The trend for stencils to become a select art category (‘stencils only’) may be what Witter and English 
(2001) identify as a specialised camp (e.g. bachelor, initiation, ceremonial, craft) separated but near the 
main domestic camps (cf. Stockton 1993c:77).  Stencils (‘only’) have a different proportional index of 
proximity than paintings, preferring an overall non-domestic association characteristic of a relatively 
low association with Multidimensional site classes (Table 53 below).  The frequencies are too low to 
draw any real conclusion, but they indicate a trend worth investigating in the MCA.  Do the extended 
variable associations of stencils, such as site class proximity relationships, indicate a structure 
significantly different from other rock-art techniques? 
Table 53:  Stencil and paint proximity index. 
f cat. % f cat. % f cat. % f cat. % f cat. % f cat. %
Paint Only (n39) 27 69% 11 28% 2 5% 22 56% 8 21% 1 3%
Stencil/Paint (n14) 11 79% 8 57% 0 0% 10 71% 4 29% 4 29%
Stencil (n11) 4 29% 4 36% 1 9% 6 55% 2 18% 2 18%
Category
PxTransit/ Unidim PxEgv PxPaint PxAgg PxStnArgPxMultidim
 
 
 
6.8.2  Rock-Art MCA  
This section runs a series of MCA to further investigate the apparent separation between rock-art 
techniques and the trend for homogeneous motifs to seek selective (liminal) variable associations.  Are 
paintings generally mundane and engravings predominately liminal?   
Corresponding row and column data was extracted from the matrix and the rows were 
categorised according to technique (Table 54).  As with previous MCA, the principal descriptive data is 
removed, that is, the analysis removed the information (technique, size, heterogeneity, motif structure) 
which directly differentiates between the rock-art contained in each row.  This is done so that the 
remaining variables can interact free of the predetermined categorical difference.  In place of the 
removed variables, special labels are created to plot the variation in row trends (Table 54). 
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Table 54:  MCA codes for rock-art analysis. 
 
Engravings 
• (E) >2n, homogeneous motifs;  
• (e) >2n, heterogeneous motifs;  
• (ex) <2n, motif structure indeterminate;  
• (Ev) >2n, homogeneous motifs vertical position inside rock shelter 
 
Paintings/Drawings  
• (P) >2n, homogeneous motifs; 
• (p) >2n, heterogeneous motifs; 
• (px) <2n, motif structure indeterminate 
 
Stencils 
• (S) >2n, stencils only,  
 
Stencil and Paintings/Drawings 
• (SP) >2n, stencils and other homogeneous motifs;  
• (sp) >2n, stencils and other heterogeneous motifs;  
• (spx) <2n, stencil and indeterminate motif structure 
 
Motif Format 
• (F) Figurative – anthropomorph or animal;  
• (t) track – bird or roo;  
• (s) stencil only;  
• (u) indeterminate 
 
  
Figure 48 (next page) displays the object positions (row profiles) of the rock-art categories in 
the above table.  Figure 49 displays the object positions as they relate to basic motif structure.  The 
corresponding variable positions (column profiles) are in Figure 50.  The IM for the figures is 92 x 57, 
with a DCA index of 27 and PIE score  22 : 9 : 6. 
Figures 48 and 49 indicate a dichotomy between rock-art as it relates to basic technique and 
motif structure.  Track engravings are clearly left and figurative painting clearly right.  As the 
frequency analysis indicates this undoubtedly relates to the difference in elevation between techniques.  
The first dimension also shows that the axial extremes are not absolute.  The metric relationship is not 
as omnipotent as it appears in the frequency analysis.  For example, stencil row points primarily 
associated with paintings appear to operate slightly outside a direct linkage with paintings.  This is also 
true for some of the heterogeneous motif painting (p).  Apparently there is some degree of overlap, 
some connections between techniques, primarily related to row topographic features.  The row profiles 
associated with motif structure offer the additional view that stencils are operating linearly to connect 
figurative profiles with track profiles.  This gels with the frequencies in the model of proximity (6.4.4; 
also see David 1992). 
A generalised metric interpretation sees three loose clusters.  Heterogeneous figurative 
paintings are dominant in quadrant ‘A’.  Quadrant ‘C’ is a mix of hetero and homogeneous paintings.  
Homogeneous engravings generally group right of the origin around the primary axis, and the more 
figurative heterogeneous engravings ordinate outside this group.  This is interesting because it appears 
that there is more of a difference between hetero and homogeneous painting than in engravings.  
Stencils plot between the three clusters. 
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Figure 48:  Rock-Art MCA object plot.  
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Figure 49:  Rock-Art motifs MCA object plot.  
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In a geometric interpretation there are three column corners which describe the vertical spread 
of row points.  This column plot (Figure 50) displays the relationship between the various art 
techniques and the more extensive array of archaeological features (lithics, grinding grooves, stone 
arrangements, topographic features).  Quadrant ‘A’ generally displays painting rows with shelter and 
lithic associations.  Quadrant ‘C’ describes paintings with shelters with few lithics.  The engravings 
clustering around the primary axis to the right relate to grinding groove structure and site visibility.   
Figure 50:  Rock-Art MCA variable plot.   
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Grinding Grooves   Grinding groove variables related to clusters, deep grooves, and large 
groups drift towards the figurative motifs while the more linear, shallow and small groups of grooves 
flair towards the track motifs.  This sheds further light on the possible functional difference suggested 
by the grinding groove analysis.  Engravings associated with rock wells and long distance visibility 
(Vis1000) have a different association than those nearer to shelter (Shltr1km).  Locations selected for 
optimal visibility have a different column profile than locations selected for proximity to shelter.  This 
can be interpreted as relating to different actions.  Both indicate the engraving action itself is a distinct, 
separate, action.  To what degree heterogeneous engravings (e) influence this spreading is unclear from 
the symmetric profile plot. 
 
Stone Arrangements  The overall lack of clustering around the centroid underscores the 
inherent differences between painting and engravings shown by the frequencies.   Proximity to stone 
arrangements (PxStnArg) appears closest to the origin in the column profile.  (Stencils account for half 
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the occurrences of stone arrangement proximity for rock-art as a group and roughly 10% of the regional 
total.)  This may be an important point in understanding the continuum of art in the region.  Along with 
stencils, stone arrangements may indicate a material linkage between the actions related to pigment and 
those related to engravings.  Stockton (1993c:74) notes that in the BMNP stone arrangements 
sometimes indicate where to turn off a ridge to locate art assemblages. 
 
Lithics   The large vertical spread in the shelter quadrants ‘A - C’ indicate an extreme position 
for rock-art associated with lithics.  In other words by thinking of the row profile ordination as 
illustrating a big ‘U’ it is possible to generate a continuum (box summary table below) with the linear 
relationship described by the primary and secondary axes.  The relatively tight spread of track motifs 
underlies the idea of a continuum.  
Table 55:  BMNP region rock-art continuum. 
 
Rock-Art Continuum BMNP 
 
• (pole – LRE) Heterogeneous assemblages of pigment art with moderate levels of occupation material � 
 
• Moderate assemblages of pigment art with an increasing degree of homogeneity and less occupation material 
marked by an increase in the occurrence of stencils � 
 
• Stencil only assemblages increase along with the proximity to stone arrangements � 
 
• Figurative and track engravings appear � 
 
• (pole – HRE) The more homogeneous track motifs begin to dominate engraved assemblages. 
 
 
The continuum displays an important separation, but at the same time shows the realistic flow of 
material culture between the poles; a dyadic relationship characteristic of religious behaviour (chapters 
1–2).  Homogeneous engravings (E) can be seen as part of an iconographic continuum, separate but 
connected (via stencils?) to the majority of rock-art (i.e., mundane, LRE, heterogeneous pigment art).  
In terms of ‘stylistic’ behaviour the engraved track motifs are the most likely to transmit the 
conservative information characteristic of religious cues, as they are simple and abstract in design and 
clinally associated with other archaeological features.  As Wobst (1977:330) has determined, these are 
the attributes of ‘stylistic’ behaviour designed for iconography to be viewed by relatively select groups 
of people, as is the case for religious iconography (section 3.3.4) 
 
Rock-Art Analysis Summary   The vertical spread of the column data is indicating that two 
things are happening.  First, the difference between shelter art sites with moderate levels of lithics 
varies from those in slightly higher elevations (i.e. >400 m) in terms of pigment art.  Higher elevated 
sites are generally more homogeneous.  This is not solely because of the presence of stone tools, but 
also because the more elevated sites have a greater tendency to include stencils and exhibit a proximity 
to domestic camps rather than being domestic camps.  They are a part of the domestic structure 
(relating to subsistence aspects of the environment) but are also spatially separate from the domestic 
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pole (rock-art continuum).  These are what Witter and English (2001), among others, describe as 
specialised camps.   
Second, engravings are not as internally distinctive in terms of column data as the literature or 
frequency analysis indicates; although they are certainly specialised.  In a very generalised 
interpretation two things appear to be happening with engravings:  
1. Homogeneous engravings (MCA ‘E’) which relate along the primary axis (1st component) 
have stronger associations with a proximity to other site classes but still remain distinct.  This 
tail of engravings is most likely part of an extended occupational system, spatially selective 
but still connected (near) to a domestic structure, indicating a dyadic part of the cultural 
matrix. 
 
2. Engravings which drift into the ‘A’ quadrant indicate an extreme environmental position.  
These may be resource related, having an association with quarries and large clusters of deep 
grinding.  These places may represent specialised procurement sites – possibly basalt axe 
heads.  Such places are spatially selective but are unconnected to a domestic structure, they 
are not dyadic. 
 
As with paintings, two actions may be at work, although the difference is slightly less apparent.  What 
this means is difficult to say.  All engravings may not necessarily imply the same behaviour.  
Engravings seek two different relationship structures; one relates to high levels of concentrated 
grinding, the other to selective proximity and more structured grinding.  Both are likely to be task 
specific.  The quarry/dense grinding may be evidence of what Cooney (1994; 1998), Hampton (1997), 
Jones and White (1988) and Taçon (1991) have noted as sacred resource procurement sites, where the 
quarries act as a sacred focus point for inter-tribal gatherings, but the data is much too light for 
anything beyond speculation.  The engravings exhibiting a selective/connection are more likely to offer 
evidence of a process related action indicative of religious behaviour (cf. Mathews 1896a).  
The rock-art MCA demonstrates the liminality of engravings, as they are separated from the 
regional norm.  The iconographic attribute of BMNP track engraving (simple, abstract, homogeneous, 
clinally distributed) coincide with Wobst’s (1977) model of a behaviour designed to transmit a 
conservative message such as those characteristic of religion.  The presence of stencils in pigment art 
assemblages seems to indicate a slight change towards more clinal behaviours attributed to engravings.  
It is difficult to discern in this analysis to what degree these movements are a product of the indicator 
matrix itself.  Heterogeneous pigment art exhibits a variable structure decidedly different than 
engravings and is characteristically more subsistence-oriented in location.  
Table 56:  Rock-Art box indicator of liminality. 
 
Liminal Indicator – Engravings, especially homogeneous assemblages which are stylistically 
conservative and generally clinal in distribution.  
 
 
 
6.8.3  Summary for Rock-Art 
Understanding rock-art is important in order to comprehend the variations between places because 
unlike many archaeological features it is intimately, physically, connected to the place.  The formal 
analysis of the region’s major groupings of rock-art generates a very simplistic east-west division of 
motifs and techniques.  Eastern assemblages contain more abraded macropod tracks, abraded (outline) 
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figurative motifs, and ochre drawings, western assemblages more pecked bird tracks and charcoal 
drawings.  Most importantly a continuum (clinal towards engravings), is evident both statistically and 
spatially in the distribution of art.  Heterogeneous paintings are separated from homogeneous 
engravings by the transitional occurrence of stencils.  This structural trend in the art is replicated in the 
depositional archaeology where generalised domestic assemblages are separated from formally 
associated selective assemblages (chapter 7).  ‘Stylistic’ features (e.g., abstract, homogeneous, simple) 
associated primarily with engravings, are best understood as relating to private or otherwise restricted 
activities (cf. Bradley 2000:71–74; McDonald 1994:344–345, 2000a:63; Wobst 1977:323).  People 
were behaving differently at different places not solely for economic reasons but for social reasons 
related to their perceptions of different places.  The different perceptions and activities, are reflected by 
differences in art and lithics.  It seems that combinations of select topographic and archaeological 
features are the best indicators for locating rock-art.  Although archaeologists can never know the 
meaning of a place, rock-art offers insights into the organisational system it is part and parcel of. 
 
Table 57:  Box summary for stone arrangements. 
 
Stone Arrangements 
 
Stone arrangements are often heavily debated in Australian Archaeology and for that reason they were purposely 
left them out of much of the analysis (especially the distance matrix in chapter 7).  Only provenienced 
(professional) recordings were accepted for the data matrix.  Still there exists a surprisingly strong link (MCA 
variable plots) between stone arrangement proximity (PXSTNARG) and all liminal indicators.  The association 
parallels that of stencils and seemed to act as a transition marker (liminal zone) between the mundane regional 
norm and liminal indicators.  Both statistical and later spatial analyses generate continuums whereby stone 
arrangements marked a threshold for the distribution of archaeological features, one side of which was distinctly 
utilitarian and the other decidedly liminal (i.e., distinctive association of archaeological features).   
         
        Although I was personally skeptical of any link between stone arrangements and liminal activity it seems I 
was wrong.  This has important implications for new research in evaluating the role of previously enigmatic 
places with stone arrangements such as the Serpentine near Armidale (McBryde 1974:45).  Elsewhere, the fact 
that most of the stone arrangements occur in the eastern portion of the mountains may convey information of an 
increased group affiliation.  Stone arrangements seem to make more sense if they operate as group rather than 
individual makers (cf. Donald 1998).  Perhaps they could be seen as not only markers in a landscape but as 
indicators of sociocultural change, their presence indicating a trend towards sedentary activities (section 8.4).  
Such statements require a caveat, as many amateur recordings of arrangements common in NPWS records 
appear dubious.  Only a close association (either direct or proximate) between the arrangements and other 
archaeological features is likely diagnostic of a cultural or more elusive social use. 
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6.9  Conclusion 
The goal of chapter 6 was the identification of liminal indicators.  Such indicators have a tendency to 
separate themselves from the normal range of material culture in a cultural matrix.  This chapter has 
targeted the indicators of thresholds in the associations of variables in the BMNP matrix.  In general the 
more distinctive associations are interpreted as liminal, for they demonstrate a patterned (not ad hoc) 
break from the dominant behaviour (cf. Leach 1977:81–84).  This chapter has specifically targeted 
variables which relate to the model of religious spatial behaviour and form a pattern in the way they 
differentiate themselves from the norm. 
 The first part analysed the general parameters of the BMNP Project matrix and found that it 
represented a linear distribution (the classic CA arch) indicating a good spread in the data.  Tests of the 
most subjective variables indicated that they added depth to the interpretation of the region’s data but 
did not alter its general structure. 
 In the second part, environmental and proximity models were created to enhance the 
remaining analyses.  These models indicated that a significant range of associations exists within the 
matrix, and where that range is likely to shift into the more liminal associations.  A moderate 
subsistence association, and increase in relative elevation, a penchant for select topography, and a 
discriminating site proximity are all indicators of separation from the matrix norm (see table below).   
 The third part examined the region’s principal archaeological categories.  The stone material 
analysis indicated that variation in the distribution of stone materials may partially represent a causal 
social strategy tempered by ecology rather than a strict rationalisation behaviour.  Certain activity 
indicators and selective topographic features are associating more often with certain combinations of 
stone material than with others.  Variations between quartz and MSC assemblages seem to indicate a 
divergence of activity. 
 Trends in lithic categories/variables indicate that different activity indicators (lithic categories) 
are exhibiting different variable associations.  Primary production activities are associating differently 
than maintenance and special-task activities geared towards select topographic features.  Core and 
cortex variables for example exhibit the opposite trend to geometric microliths.   Microliths in 
particular represent a ‘stylistic’ implement (after Gero 1989) which according to the MCA occupies a 
different niche than other stone tools.  In terms of proximity with other activity indicators, geometrics 
tend to occur near domestic camps rather than exclusively in them.  Activities related to geometrics 
indicate a separation from the norm. 
Variation in the depth, number and structure of grinding grooves indicated a trend separating 
grinding from residential associations.  The trend is closely but not completely related to environmental 
factors.  Certain extreme positions in the MCA analysis clearly represent behavioural choice over pure 
utility.  In some instances, the action of grinding seems to indicate a certain level of restrictiveness, 
beyond environmental criteria.  In general grinding grooves represent the same activity being replicated 
across space, however variation within the act reflects changes in the various perceptions associated 
with different places.  Some places are primarily utilitarian, some places are special, so grinding 
activity reflects the perceived degree of formality.  According to the analysis, places associated with 
shallow and linear grooves are likely to have a more liminal role in the organisation of BMNP 
archaeology. 
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Table 58:  Summary table of indicator analysis. 
Summary of Indicator Analysis 
The general indicators of liminality in the material cultural matrix of the BMNP region are: 
 
Low Relative 
Subsistence and High 
Relative Elevation 
There is a continuum in the subsistence index between the higher subsistence scores associated with 
shelter sites (Multidim, Paintings) and lower subsistence scores associated with open sites (Engravings, 
AGG, and Transit).  The continuum suggests that a low subsistence rating may relate to a variation in 
behaviour.  This trend is apparent from lower elevation shelter sites to higher elevation open sites.  This 
information was used with MCA analyses to find more relevant trends within specific archaeological 
features (stone materials, tool types, AGG, rock-art).  Although the trend is largely determined by 
environment, such a simple assessment is insufficient to account for variations in the distribution of 
lithics, as the lithic diversity analysis showed.  Clearly the differences in site based subsistence and 
relative elevation are partly related to changes in behaviour. 
 
Select Topography Sites/variables associated with ‘naturally demarcated areas,’ ‘naturally demarcated features’ and the 
presence of ‘secondary topographic features’ represent a distinctive trend in topographic associations.  
Select topography was not biased by high elevation.  Subsistence/elevation associations showed that AGG 
were more utilitarian and less aesthetically selective than their index score indicated.  Engraving and 
Multidim site classes represent opposing trends and behaviours.  The MCA of archaeological features 
showed that select topography was associated with trends to liminal material.  Select topography in 
proximity to Multidim (shelter) assemblages showed an inverse relationship between Multidim and 
satellite (open type Transit, Unidim) camps.  There is a decrease in the diversity within the Multidim and 
increased formality of the partitioning of activities between satellite camps, that  possibly represents 
complementary-avoidance relationships. 
 
Select/Partitioned 
Site/Variable Proximity 
Sites/variables close to Engraving and Transit sites exhibit a more select level and diversity (5x) of site 
class spatial association than sites/variables associated with Multidim or Painting sites.  The latter have a 
general high level and diverse (7x) site class proximity.  Resource specific AGG and Unidims tend to 
have a marked separation (3x) from other site classes.  The relatively select (higher level but greater 
percentage) proximities of Engraving and Transit sites indicate a likely graduated spatial relationship; 
they are connected but selective.  The MCA analyses finds that an increasing proximity to Engravings, 
stencils, or stone arrangements is related to an increasing liminality of archaeological assemblages. 
 
Select Combinations of 
Raw Materials 
Quartz-only assemblages indicate an increase in the selective association of archaeological and 
environmental features.  This indicates different functions of different materials, a formal separation of 
actions, not merely the same function with a change in raw material.  The MCA analysis shows that 
specifically selective sites/places are more likely to use quartz only than is indicated by their site class 
alone.  A purely environmental model is insufficient to explain the distributional variations of quartz.  The 
distribution of raw materials within the region indicates that the activities related to ‘quartz only’ sites are 
different from the norm. 
 
Select Activity Types Low levels of cores and cortex, when associated with a mixture of site classes and select environmental 
features and the presence of geometric microliths, especially when not associated with evidence of 
primary production, all indicate significant separation from the norm.  Geometric microliths have a 
divergent distributional tail compared with bondi points.  It seems that although the two blades are 
technologically related they represent different niches.  Bondi points are more likely to associate directly 
with Multidim (domestic) camps and geometrics were found to associate near but not in domestic camps. 
 
Linear/Shallow 
Grinding Grooves 
Grinding grooves in moderate sized assemblages, shallow in depth, and linear in structure are likely to 
have select associations outside of the norm.  Deep, low lying clusters of grooves show a decidedly 
mundane association (high subsistence, general mix of lithics, non select locales) and deep, elevated 
clusters of grooves are associated with resource exploitation (quarries).  Shallow, elevated, linear sets of 
grooves on the other hand relate to more select behaviours, as is evident via MCA.  It is likely the 
grinding activity was the same throughout the region (uniform groove type) but the geometric associations 
linked to this last category of grinding indicate that the locales were being used (and perceived) 
differently (e.g., behaviour related more to maintenance than production).  
 
Homogeneous Engraved 
Rock-Art 
Within the BMNP matrix there is a continuum in the rock-art from homogeneous engravings through 
stencils to heterogeneous painting.  The MCA geometric associations show that the pigment art is clearly 
within the norm and engraving outside the norm.  This trend in the art is replicated in the depositional 
archaeology where generalised domestic assemblages (assoc. pigment art) are separated from formally 
selective assemblages (assoc. engravings).  In their visual cues the clinal and homogeneous engravings are 
best understood as relating to private or otherwise restricted activities.  
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The rock-art analysis, like the preceding analyses, indicated that a continuum of behaviour 
was likely related to variation in the distribution of material culture.  Homogeneous engravings are 
separated from heterogeneous pigment art by the transitional occurrence of stencils.  The ‘stylistic’ 
features (abstract, simple motifs) associated with homogeneous track engravings also indicate that 
these art forms are geared toward restricted rather than public audiences.  And, of particular interest, 
homogeneous art tends to be located in proximity to domestic camps rather than being a domestic 
camp.  Homogeneous art sites are relating to the subsistence geared domestic structure but are also 
physically separate from the domestic pole.  They form the liminal portion of the rock-art continuum 
acting as specialised camps within a greater distributional structure.  People behaved differently at 
different places for many reasons and the difference in the distribution of art likely reflects a certain 
change in the perception of place.  Activities related to homogeneous engraved rock art and the places 
where it is located indicate a separation from the norm.   
 
So what does this mean?  Some places in the BMNP have liminal variable associations and 
functioned differently than others.  Some of these liminal places may be sacred.  This chapter has tried 
to offer some useful explanations in describing these trends towards liminality.  However, many things 
cause activities to separate from the general range of events.  Obviously not everything is the direct 
result of religious behaviour.  What is most important is that a change is indicated, a trend for 
segregation in portions of the BMNP archaeological record.  Archaeologists should be wary not to read 
too much into any one indicator.  Behaviour is a process, but taken as a whole these indicators are 
likely to reflect a behavioural shift that is in some way different than the norm.  Eight select 
combinations of variables (box models and indicators) relate to increased liminality in the material 
culture of the BMNP region.  These indicators all show significant variation in the BMNP matrix.  
1. Low Relative Subsistence  
2. High Relative Elevation 
3. Select Topography 
4. Select Site Proximity 
5. Select Combinations of Raw Materials  
6. Select Artefact Types  
7. Linear/Shallow Grinding Grooves 
8. Homogeneous Engraved Rock-Art 
 
The next chapter formulates these liminal indicators into a spatial/material pattern that relates to the 
model of religious behaviour. 
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CHAPTER 7 – Distance Matrix 
 
A pattern does underlie the spatial distribution of specific activities; the location or 
locations in which an activity takes place are not scattered at random, and the by-
products from many kinds of activities do form clusters that one can distinguish on the 
ground.  (Yellen 1977:95) 
 
The goal of the distance matrix is to identify a liminal pattern in the spatial distribution of specific 
variables, a specifically formulaic spatial pattern (section 3.4).  Is there evidence of organised liminal 
behaviour?  This question is answered by examining the specific spatial relationships which relate to 
the liminal associations identified in chapter 6.  This chapter explains the detail of the distance matrix 
and examines the results of its application. 
Imagine the artefacts distributed across the BMNP as a more or less continuous distribution 
with highly variable densities, the spatial associations between the artefacts (not sites) then represent a 
source of archaeological data about the way people use space (Dunnell and Dancey 1983:272; cf. 
chapter 5).  As Yellen commented (above), fluctuations in the distribution of archaeological features 
are likely to relate to different functions for different places (cf. Holdaway et al.1997; Johnson 
1979:104–105, 1984). 
 The distance matrix (DM) looks for patterns in the spatial relationships of variables by 
assigning locations to each variable in the data matrix.  Next, a distance based algorithm interrogates 
this newly formed distance/data matrix for evidence of graduated patterns of spatial relationships, 
which relate to the predetermined indicators (chapter 6) in the algorithmic code representative of the 
model of sacred spatial behaviour (section 3.4).  It is asking what the real spatial relationship is 
between select variables, to learn whether the specific liminal indicators exist in a patterned 
relationship.  It is not asking if sites contain similar archaeological features, rather it is seeking to 
understand the flow of the limen in space.  Are archaeological features found in similar spatial 
arrangements?  Do the liminal features in the BMNP region follow the graduated process of 
distribution that is characteristic of sacred spatial behaviour? 
 
Variables and Spatial Relationships  The analysis in chapter 6 is very good at describing the 
data in terms of what is there and the associations between variables and objects.  It is not, 
unfortunately, an efficient way of illustrating a relationship in a material continuum.  Chapter 6 
identifies a set of indicators relating to variation in the distribution of archaeological features, but there 
is no guarantee that the indicators are actually related in the real world and are not simply a product of 
the testing procedure, and that the trends identified represent extended patterns (continuums) relating to 
the organisation of material culture.  
The indicators working together suggest a probable interpretation while they deny the opposite 
interpretation (Wandsnider 1996:323).  Indicators are incomplete information, but by comparing the 
spatial patterns they create in combination, some material parameters begin to form spatial patterns 
(ibid.:324).  
For example in chapter 6 the following features all indicate an increased liminality in material 
cultural assemblages in the BMNP region:   
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• a decrease in subsistence features; 
• increased relative elevation; 
• increased association with select topography; 
• selective proximities; 
• high presence of quartz; 
• low occurrence of cores and cortex; 
• increased occurrence of geometrics; 
• a select association of certain grinding groove structures; 
• a tendency to associate with (homogeneous) track engravings. 
   
No single indicator is strong evidence of a specific activity.  However, if certain places within the 
region exhibit the same graduated spatial relationship characterised by location of several liminal 
indicators it is probable that such places are reflecting patterned behaviour.  
  
‘Where and how often do the liminal indicators occur in a specific pattern which is consistent 
with the model of sacred spatial behaviour?’   
 
This question represents the crux of the current approach towards identifying past religious behaviour. 
 
The DM algorithm uses the indicators identified in chapter 6 in accordance with the model of 
sacred spatial behaviour to generate a list of sites/variables which have a high probability of resulting 
from liminal activity.86
7.1  Distance Matrix 
  The DM identifies a specifically constructed combination of variables and 
spatial relationships, a graduated spatially formulaic pattern characteristic of religious behaviour 
(section 3.3.1.3; cf. Parkin 1992:17–18).  These indicators are the result of a specific theory, model and 
methodology for identifying sacred spatial behaviour (chapters 3–5).  Sacred liminal places are not 
simply non utilitarian or otherwise enigmatic locales, a negative identification useless for comparative 
analysis.  Sacred places are determined by their choice and graduated organisation of variables (cf. 
Rappaport 1999:27). 
 
…in the end, archaeology must develop its own related range of spatial theory, capable of 
simulating extinct situations, suitable for dealing with the difficult but not impossible spatial 
characteristics of archaeological samples…. (Clarke 1977:28) 
 
To understand the spatial relationship between archaeological features it is necessary to develop some 
means of assigning locations to archaeological features and some method for interrogating the data.87
Two things had to be developed to achieve this goal: 1) a distance array for the region and 2) 
algorithms which used both the distance array and the data matrix.  Application of the array and 
algorithm together allows the modelling of the requisite spatial associations.  It is possible to reverse 
the identification of sacred space by identifying the process leading up to a sacred place.  Rather than 
target an ephemeral or abstract ceremonial centre itself, the approach looks for evidence of a targeted 
 
                                                          
86 By triangulating frequency, multivariate, and distance analyses multiple methods of observation are used to achieve a 
strengthened result (cf. Clarke 1968; Denzin 1978; Patton 1990).  
87 Although GIS packages are being developed to achieve the same aim, at the time this project commenced user friendly 
versions were not available.  The distance matrix operates similar to a GIS, but unfortunately without the aid of graphics.  
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and graduated pattern in the spatial liminality of cultural material: formal deposition/distribution, 
attention-focusing and ‘stylistic’ homogeneity and iconographic clines (chapter 3, see below). 
 
7.1.1  Graduated Spatial Behaviour 
Section 4.7.2 discussed Berndt (1969, 1974) and Mathews (1896a, 1897b-e, 1898b) who describe how 
ceremonial camps are structured: support camps graduate into special-task oriented camps which 
graduate in focus to very select places (Figures 51 and 52, next page).  (For archaeological comparisons 
see section 3.3.2.2.1 and/or McIntyre 1990; Witter 2000.)  In the review of sacred spatial behaviour 
(section 3.3.1) and ritual depositional structure (section 3.3.2), it is apparent that graduated spatial 
activity is a basic component of religious behaviour. 
It is likely that artefacts in the support camps resulting from the spatial division of the 
identified group (e.g., women/children – young initiates – males) will result in a formal division in the 
associated material assemblages.  The generalised assemblages associated with the average domestic 
camps, where artefacts may exhibit internalised separation give way to a large scale version, where 
entire camps in proximity to each other, become task specific.   
In the norm the activities associated with special-task camps (e.g., grinding grooves, primary 
lithic reduction workshops) are often in the main domestic camp and in satellite camps.  In a 
ceremonial spatial structure the main domestic camp, the support camp, is missing the special-task 
activities.  Tasks such as the production of geometric microliths and axe grinding may occur only at the 
discrete intersite level, rather than in the discrete intrasite spatial level.  In ceremonial spatial structure, 
activities are spread and not mixed.  Associated with this it should be apparent that the separation in 
artefact variation graduates towards (targeting) a focus point and not simply indicating a fall off in 
occupation or simply a very strong, but undirected, division in labour (which would have no evidence 
of an increase in liminality). 
 
7.1.2  Distance Array 
Generating an artefact level spatial analysis (essential for the DM to operate) requires the location of 
each individual artefact occurrence (cf. Holdaway et al. 1997; Johnson 1984).  It needs an array of 
location information.  Such arrays come with in-built assumptions.   
The size of regional projects makes locating individual archaeological features inefficient or 
outright impossible.  Luckily there is a way around this problem.  Sites in the BMNP have a spatial 
location and by assuming each variable related to that site has the same location, it is possible to locate 
every artefact/feature.  The approach is asking general questions about the spatial relationship between 
the variables, the columns and the rows, which are not necessarily related to the classification of the 
site (row) itself (section 6.3).  The goal is to examine the extended relationship between places, not so 
much the intrasite relationships. 
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Figure 51:  Ceremonial support camps in detail from Mathews (1896a:Plate VI) (see Stockton 1993c).  
 
Figure 52:  Models of general subsistence and graduated spatial activity after Berndt (1969:42, 1974:11) and 
Mathews (1896a). 
M – Multidim (shelter, generalised lithics)
U – Unidimensional (workshop, satellite, quarry, high quantity but
low variation)
T-  Temporary/Transit (open site, low lithic quantity but high
variation)
A – Axe grinding grooves
P – Pigment Art (heterogeneous motifs)
P2 – Pigment Art (homogeneous motifs)
e – Engraving Art (heterogeneous  motifs)
E – Engraving (homogeneous motifs)
S – Stencils
General subsistence spatial stucture with
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Figure 1 
- Main Camp a-c 
- Bunan ceremonial area (circles) e-h 
- Space containing sacred figures muttima 
f-h 
 
Figures 3-4 
- Detail of ceremonial circles (fig. 1 e-h) 
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Principally the variable relationship is at the intersite level unless the distance criteria accept 
distances of ‘0 m’ rather than only distances ‘>0 m’.  Any discrepancies are not generally a problem for 
two reasons: 1) the coarse grained analysis requires fairly substantial spatial variation (i.e., >200 m), 2) 
most sites in the BMNP are recorded as spatially small units (i.e., <15m) rather than the larger single 
site units used in the analysis.88
7.1.2.1  Array   
 
The array allows for several varieties of questions.  For instance it can ask how likely it is for 
cores to occur within 200 metres of deep, clustered grinding grooves.  The code can be structured to 
accept relationships ‘= 0 m’ or ‘>0 m’ or both, so sites containing both cores and the specific grinding 
structure (whose distance is 0 m) can be used.  If an undesirable variable is present at the same site as 
the desirable one or nearby, based on the selected distance variable (e.g., 200 m) the result can be re-
categorised to reflect the additional information.  For example: 
‘1’ variables occurring within 200 m but not together; 
‘2’ variables occurring within 200 m and together (0 m); 
‘3’ variables occurring only together; 
‘4’ no result. 
The results are limited to generalised distances, but this is likely the only significant distance 
relationship.  Analyses which are too fine grained are unlikely to produce useful results as their detail 
will mask the underlying structure.  Euclidean distances are by definition two-dimensional, any three-
dimensional discrepancies are dealt with in the interpretation. 
 
The distance array contains all the possible distance relationships between rows (and extrapolated to 
the columns) in the matrix.  The array matrix is a 418 x 418 table (example below).  Each variable 
assigned to a row utilises the row locations as its own location.  
Table 59:  Example distance array. 
Example Distance 
Array (m) 
Cases 
Site 1 Site 2 Site 3 Site 4 Site 5 … 
C
as
es
 
Site 1 0 400 500 350 800  
Site 2 400 0 100 200 720  
Site 3 500 100 0 175 35  
Site 4 350 200 175 0 1200  
Site 5 800 720 35 1200 0  
…       
 
In the algorithm a predefined distance array is essential for stability. Without this index of 
distances, the program would have to continually recalculate the relationship between all the variables. 
 
7.1.3  Distance Algorithm 
Making the distance array function smoothly with the data matrix was a difficult task.  It was the most 
technical and challenging part of the thesis.  The code is written using the SAS programming language 
(Cody and Smith 1997; see appendix E).   
                                                          
88 The failure of many recorders to recognise in the field that several small sites are actually one large site has in the end worked 
to benefit this project. 
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The nature of the algorithm is best illustrated in a graphical model (figure below).  The code 
itself is found in appendix E.  The code in this section is the 500 m model.89
Figure 53:  Algorithm model. 
 
Distance Matrix Model (500m SPT)
250mMatch Record (9)
Generating Record
500m
Initial Generator
250m
Match
Record (7)
200m
 Match Record (1)
Match Record (2-6,8)
 
The purpose of the code is to place the liminal indicators identified in chapter 6 into a 
formulaic spatial format of probable ceremonial behaviour as discussed above and in detail in chapter 
3.  The approach is asking two questions:  ‘Are the various indicators actually spatially related?’ and 
‘Does linking the different indicators favour one pattern and denying others?’ 
 
7.1.3.1  500 m SPT Spatial Model 
The first part of the code is the initial generator.  It selects all rows (from 418) which have a proximity 
(proximity =<1000 m) to Engravings and a proximity to Transit site classes (64x) or are highly 
selective in topography (37x). 
 
Initial generator  = rows = <1000 m from both Engravings and Transit site classes; 
  Or  = rows = All Special Features (select topographic model section 6.4.3) 
 
 
This selective proximity and topography criteria is labeled ‘SPT’ in the analysis.   Duplicates (17x) 
were eliminated from the total (84x).  Over 90% of the sites selected by the initial generator have HRE 
and a low index of subsistence (chapter 6 section 6.4.1) so it was unnecessary to further limit the initial 
generator.  
Next, all points within 500 m (>0 m) of these initial generators (84x) are selected for a new 
total (43x).  These new points (43x) now become the generating records.90
                                                          
89 In the experimental stage various distances between 250-1000m were trialed.  The formulation  was altered to be more or less 
inclusive (e.g. larger or smaller distances) but the core result remained consistent with the 500m SPT result.  Generating and 
Match Records began cross-referencing each other rather than forming new associations.  Most errors in previously recorded site 
locations are less than 200m.  The 500m model gave the most useful result and still allowed for some coordinate error.  
  The initial generators are 
then eliminated.  
90 Originally it was thought that limiting these generating records to quartz related assemblages may have been useful, quartz 
being identified as an indicator for increased liminal activity.  However for the (generating) records which did have types of raw 
material record, over 92% of the initial generators and 90% of the generating records were quartz related.  Limiting generators to 
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Detailed matches (see below) are then sought for the generating records according to specific 
distance and variable criteria (which may or may not include a re-match with the initial generator).  
What variable associations are spatially near (but not at) the generator record?91
7.1.4  Use Factor Variations for Match Records 
  Any hits are recorded 
as match records with variations between criteria assigned a use factor ranging between ‘1–9’.  Uses 
are mutually exclusive in ascending order running between ‘1–8’ if any criteria are met, and ‘9’ if the 
generating record has no match records which meet the criteria assigned in the code. 
Statistical significance of use factors was determined with a Student’s t-Test (two-tailed, 
heteroscedastic) to determine the likelihood that the SPT 500 m model was a random variation of the 
region.  The t-Test was run against a 500 m DM without the initial generator for the entire BMNP 
matrix.  This had the affect of selecting all places (liminal and non-liminal not just the SPT places) 
which exhibited the 500 m generator-match (use factor 1–9) relationships.  Results are shown at the 
end of each use factor description (below) in terms of the probability that the two samples have come 
from the same two underlying populations that have the same mean (appendix E).  The t-Test results 
indicate the model is not the result of random forces. 
The t-Test is important because the interpretation of the SPT model offered in this thesis may 
be different than others.  The assessment offered here of the region’s selective places is achieved by 
comparing the SPT model with the region as a whole, specifically with places where SPT phenomena 
does not occur.  The specifically formulaic model (i.e., the algorithm minus the initial generator) is 
selecting a trend not likely to be found by chance.  
 
A match with use factor ‘1’ means the related associations of artefacts/features (starting with the initial 
generator � generating record � match record) are spatially representative of all the liminal features 
(chapter 6) with the exception of a direct association with an engraving (<250 m).   
Use ‘1’ indicates a spatial relationship (within 500 m) between features of high visibility or 
select topography if they occur in conjunction with either a select grinding groove assemblage 
(moderate size, linear structure, <15mm in depth) or geometric microliths (selective association with 
HRE, proximity, quartz and a low score on the subsistence index are already factored in).  Match 
records remain ‘1’ only if they are not associated with the next seven uses, which indicate a likely trend 
beyond the first use.  This approach tests the veracity of the first use.  Is the first use indicative of the 
match, or are there other associations which appear to refine or contradict the liminal relationship?  
(UF1: t = -3.14, p =.002.   p here shows that the probability that this is a chance result is negligible, at 2 
in 1000.)   
Use factor ‘2’ follows from use ‘1’ and indicates that in addition to the criteria established by 
use ‘1’ there are engravings within 250 m of the match record.  This indicates the most targeted site/ 
variable relationships in the matrix.  (UF2: t = -2.73, p =.006) 
                                                                                                                                                                      
quartz assemblages was unnecessary and would eliminate all records which did not have related lithics (c. 40% of the sites AGG, 
Engravings, Stencils, etc.).  It was better to sort the matches via ‘use factor’ to determine function. 
91 This equates to two code steps (up to 1250m) removed from the initial generator and one step (250-200m) from the actual 
generator itself. 
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Use factor ‘3’ indicates a rock shelter (with deposit) is within 250 m and use ‘1’ is positive.  
This use is likely to relate to liminal support areas and is most diagnostic if it occurs in conjunction 
with other factors.  For instance, factor ‘1’ or ‘2’ spatial relationships may occur in proximity of factor 
‘3’ relationships.  If use ‘3’ is found in isolation it is less likely to prove useful in determining a pattern 
of occupational activity.  This finding is discussed  in more detail in the next chapter. (UF3: t = -2.60, p 
=.009) 
Uses factors ‘4, 5, 6’ relate to the presence of pigment art.  Use ‘4’ indicates painting or 
drawings are within 250 m.  Use ‘5’ indicates stencils are within 250 m.  Use ‘6’ indicates both stencils 
or paintings are within 250 m.  As gleaned from the indicator matrix, spatial relationships between use 
factors ‘1’ and ‘4–6’ are less likely to occur as pigment art variables are in general not considered 
liminal by the matrix.  (UF4: t = -1.75, p =.081; UF5 and UF6 are N/A.) 92
Use factor ‘8’ indicates the presence of large flakes within 250 m.  In various MCA in chapter 
6 large flakes were consistently ordinating opposite the more liminal features.  Therefore factor ‘8’, 
especially in combination with factor ‘7’ is likely to indicate the trend opposite to uses ‘1–3’.  A use 
factor ‘8’ in a match record indicates liminal structure, but the liminality is probably not related to 
ceremonial behaviour and more likely represents another select behaviour (e.g., residential hunting 
camps or residential special resource areas).  (UF8: t = �, p = 0) 
   
Use factors ‘7’ and ‘8’ are used to temper the distance result.  If either use is selected the 
match record indicates a trend away from a liminal association between the variables.  It may be 
helpful to think of these uses as degrees of separation from the liminal trend ‘7’ is equivalent to one 
degree and ‘8’ to two degrees of separation.  Use factors ‘7’ and ‘8’ override other factor associations, 
meaning they are coded to test prior to factors ‘2–6’ and a positive result is final. 
On the other hand, if use factors ‘7’ or ‘8’ are found in groups (i.e. match records from the 
same area) with lower numbered use factors (e.g., 1, 2, 3 ) rather than necessarily indicating mundane 
behaviour they may simply be indicating the base echelon of support for the spatially associated liminal 
matches.  For example, the ‘main camps’ used to support ceremonial behaviour (e.g., Mathews 1896a, 
1897c, 1897e, 1898b, 1898f, 1900b, 1907b, 1917) may match with a ‘7’ or ‘8’ but this should not be 
the area norm.  This is a problem for interpretation not a statistical problem.  Use factors ‘7’ and ‘8’ 
simply flag a trend. 
Use factor ‘7’ indicates the presence of large grinding groove assemblages (20+), clustered 
groove structure or relatively deep grooves within 200 m.  A shorter distance (200 m instead of 250 m) 
is selected for ‘7’ so the resulting match is fairly strong (200 m is the general limit of regional 
coordinate error).  In the analysis of grinding grooves, HRE grooves which are clustered and deep seem 
to relate to more generalised select area features more than specifically targeted selective places.  On 
the other hand, large groove assemblages which are close to specific places relate opposite to the most 
select topographic features and cultural features (e.g., proximity to quarries – over a proximity to 
engravings in the grinding groove MCA).  In short use ‘7’ may indicate a select area, which is perhaps 
geared more towards a subsistence utility than a liminal activity. (UF7: t = -3.29, p =.001) 
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All use factors identify only site/artefact relationships generally less than 1000 m in diameter 
(1250 m max).  The DM helps in determining the function of various artefact associations by indicating 
where and how often certain spatial relationships occur.  It does not account for all variables so a more 
detailed interpretation of each identified spatial relationship is essential to a functional interpretation.  
Use factor ‘9’ shows no spatial relationship within the defined distance and should be 
considered neutral or a possible association with the nearest variable/site.  (UF9: t = -1.92, p =.054) 
7.2  Results (500 m SPT) 
An analysis utilising the 500 m algorithm for selective proximities and topography (SPT) was run with 
32 generating records associating with 73 match records.   Use factor and group results are recorded in 
the table below. 
Table 60:  Use factor totals for 500 m selective proximities and topography (SPT) model. 
Groups 1 2 3 
Use Factor UF1 UF2 UF3 UF4 UF5 UF6 UF7 UF8 UF9 
Totals (sites) 44 10 4 2 1 0 2 3 7 
Group Totals (sites) 58 8 7 
Proportion 500 m SPT 79.5% 11% 9.5% 
Proportion of BMNP 14% 2% 2% 
 
The first group consisting of ‘UF1-UF3’ is considered the most liminal as its identified spatial 
associations (in combination with each other) are the most similar to the model for sacred spatial 
behaviour outlined at the end of chapter 3.  Significance tests (t-Test) show the chance of this group 
resulting from random forces is extremely low.  The second group is less liminal as it consists of 
variables identified as less selective in association.  Significance tests for ‘UF7-UF8’ are extremely 
low, UF4 is questionable and should be used with caution; ‘UF5-UF6’ are not included in the 
discussion sample.  However, as the initial identification is selective (all match records ‘UF2-UF8’ are 
‘UF1’ to begin with) the matches in the second group may indicate transition activities.  Group three 
indicates no use factor match and is considered neutral. 
As noted previously use factors are assigned in a mutually exclusive ascending order.  For 
example, a ‘UF2’ is also a factor ‘UF1’ but is only recorded as a ‘UF2’; ‘UF3’ is also a factor ‘UF1’ 
but could be spatially related to a UF‘2’; ‘UF4’ is also a ‘UF1’ but could be spatially related to ‘UF2’ 
or ‘UF3’ and so on.  The lack of result for use factors ‘UF5’ and ‘UF6’ may indicate that either factors 
‘UF7’ or ‘UF8’ have precluded another designation.  According to the MCA it is particularly likely an 
association with large flakes may be associated with pigment art.  If such an overwrite is relevant it will 
become apparent in the interpretation of the area.93 
 
7.2.1  Distance Matrix Selected Places   
The results of the 500 m SPT algorithm identify seven places with a liminal and graduated spatial 
arrangement of variables (Table 61, below).  Each place has multiple generators � match record 
                                                                                                                                                                      
92 Although the t-score for use factor ‘4’ is above the ‘.05’ standard, this does not effect the reliability for the model in general as 
factors 4-6 are used only as descriptors, not confidence statements. 
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designations.94  Other places may be the result of liminal activity, but the information in the data matrix 
is insufficient for their identification.  Appendix E details the site data. 
Table 61:  Places associated with liminal and spatially graduated activity in the 500 m SPT 
model. 
No. Area Name Use Factors 
1 Lawson Ridge UF1, UF2, UF3, UF8 
2 Hat Hill UF1, UF2, UF9 
3 Pinnacles UF1, UF7 
4 Linden Ridge UF2 
5 Woodford Range UF1, UF2 
6 St. Helena Ridge UF1 
7 Euroka Clearing UF4, UF8 
 
The next chapter discusses the locales identified by the distance matrix.  At this point these places 
(potentially c. 16% of the BMNP sites) exhibit a pattern in material and spatial associations which is 
different from the normal range characteristic of the BMNP cultural matrix.  And according to t-Tests 
the chances of this pattern resulting from random movements and activities is statistically low.  What is 
important now is to examine how the detail of these locales holds up against the model of sacred spatial 
behaviour.  
 
                                                                                                                                                                      
93 The output generated by the algorithm allows for all use factors to be identified, however only the final use is recorded.  The 
more detailed table is extremely large and is best handled in the interpretation. 
94 Two places (Grose Point Lookout, Belltrees-Monkey Creek) are identified by only one generator � match record combination 
and are excluded from the discussion because of the lack of information. 
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CHAPTER 8 – Liminal and Spatially Graduated Places 
This chapter reviews the results of the 500 m SPT distance matrix analysis, a part of the entire BMNP 
data matrix.  This chapter is in three parts.  In the first part, locations are identified and a short 
evaluation of their potential as evidence of sacred behaviour is discussed.  The second part discusses 
the region in general and how the locales selected in the distance matrix may fit into this general 
model.  The third part discusses some of the new insights and future directions associated with a 
ceremonial identification of BMNP cultural material. 
Part I  Select Places  
8.1  Place Descriptions 
This chapter discusses the seven places selected by the 500 m SPT algorithm (Table 61) in the 
impartial order generated by the code:  
• Hat Hill,  
• Pinnacles,  
• Woodford Range  
• and St. Helena Ridge,  
• Lawson Ridge  
• and Euroka Clearing, and  
• Linden Ridge.   
 
The discussion in each section  follows the same format:  
• Topography,  
• Geology, 
• Material Culture as previously recorded, 
• Survey (BMNP Project), 
• Discussion. 
 
8.1.1  Hat Hill   
8.1.1.1  Topography   
Northeast of Blackheath off the Blackheath Plateau roughly between Hat Hill Creek and Perry’s 
Lookdown is the area of Hat Hill.  The hill itself with its geodetic station (bm 1034m) is the highest 
point in the immediate area and offers views towards the basalt capped Mount Banks to the northeast 
and Mount Hay to the east (Figure 54).  The Hat Hill area is ringed to the north and east by the 
spectacular Blackheath Walls with their 200 m+ drops into the Grose Valley (Blue Gum Forest) below.  
The area is further isolated by deeply incised creeks to the west and south, so movement into and out of 
the area must come through a narrow corridor off the plateau to the south.  The overall impression of 
the area is highly selective and very dramatic. 
The flora is typical of the most elevated portions of the mountains with wooded areas giving 
way to expanses of heath and barren rocky outcrops in the most exposed places.  Prevailing winds are 
fairly harsh, but areas protected by minor ridges Bald Head, Anvil and Hat Hill itself are more 
hospitable. 
8.1.1.2  Geology   
The geology is typical for the mountains, the soil being typically quartz sandstone with interbedded 
claystone.  Outcrops of Hawkesbury Sandstone dot the area. 
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Figure 54:  Map of Hat Hill and Mount Banks northeast of Blackheath (size of site class symbol 
relates approximately to frequency). 
CHAPTER 8 – Liminal and Spatially Graduated Places  Part I Select Places 229 
 
 
Figure 55:  Map of the general BMNP region with elevation relief, site classes and select areas.  
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8.1.1.3  Material Culture   
Watson (1987) conducted a limited survey of the Hat Hill area. He recorded one engraving site with 
bird tracks, one possible set of roo tracks and some associated grinding grooves (HH11-12).  The 
principal engraved site (HH12, 15 bird tracks) is approximately 500 m north of the geodetic station.  
All sites are located on the rare exposed outcrops of Hawkesbury Sandstone.  McCarthy (1942–1944) 
and Stockton (1993c:74) have commented on stone circles and cairns south of the hill (HH10).  
Limited numbers of grinding grooves occur on exposed outcrops of sandstone. 
 As is the case with most of the Blue Mountains archaeology, open sites are the subject of little 
investigation.  Investigators prefer to record the more flashy art and visually evident grinding grooves.  
However recent analysis has shown the importance of open site investigation in understanding the use 
of various parts of environment in the BMNP region (e.g., Barton and McDonald 1994; Brayshaw and 
Haglund 1995, 1995a). 
8.1.1.4  Survey   
For these reasons, a series of surveys was carried out of the Hat Hill area concentrating on potential 
open as well as shelter occupation areas.  For two days, two teams of two persons conducted the 
principal track and contour line surveys (principal: July 1997; author prelim. January 1997; two person 
follow-up: July 2000).95  The survey methodology is detailed in chapter 5.  
 In general it seems there is little occupation material south of the stone arrangements (HH10) 
(cf. Brayshaw 1989).  North along the east side of Bald Head Ridge isolated grinding grooves occur off 
a minor ridge and gully (HH14).  A possible stone arrangement was located west of Bald Head Ridge 
(HH16).  One occupational shelter was found in the creek east of Hat Hill (HH97).  The rock overhang 
displayed limited surface deposit with <10 flakes of chert and quartz, and a heavily reduced bipolar 
quartz core.  Its location and limited surface deposit suggest occasional use.  Four open scatters of chert 
and quartz flakes totaling 16 amorphous flakes and 3 geometric microliths were located east of the hill 
(HH21-24).  The scatters occur along a minor creek (which ultimately dumps into the Orang Utan 
Gully) where two tracks opened near burnt undergrowth.  The track itself has evidence of considerable 
disturbance.  However, exposed and visible areas (burnt and open rockface) off the track with minimal 
slope appear undisturbed.  The area with potential undisturbed deposit is perhaps less than 500 m2.  The 
artefact scatters are light but the limited visibility suggests artefact densities are higher than previously 
recorded.  The three geometric microliths (HH22) were identified according to Witter’s criteria 
(1995:141–142).  In addition, grinding grooves occurred in small (<5n) linear distributions where 
appropriate sandstone was exposed (e.g. HH15, 15A).   A series of small ‘tally mark’ grooves were 
also found in association with the principal engravings at Hat Hill (HH12) (cf. McCarthy 1955:318).  
Narrabeen Sandstone cairns along the south near the road are likely to be the ones previously identified 
in NPWS records (HH10).  Some grinding is found on a hill near the turnoff for ‘Coolalinga’ on the 
west side of Hat Hill Road. 
                                                          
95 Twelve surveys were conducted for the BMNP Project between 1997-2000 totalling 17 field days (see section 5.3.1.2).  Survey 
crews ranged from 2-4 persons and the average coverage was 6000m2 per person per day (pp/pd) (2 linear km at 3m2 coverage).  
The effective coverage averaged around 1000m2 pp/pd (500m2 per linear km).  Crews consisted of students and volunteers from 
the Prehistoric and Historic Archaeology Department of the University of Sydney, NPWS personnel, graduate archaeologists and 
interested persons.  The author was present for all surveys and collated all results. 
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8.1.1.5  Discussion   
The Hat Hill area is a location selected for its vantage point rather than any obvious special resource 
procurement.  The axe grinding use of Hawkesbury Sandstone is minimal in comparison to the 
relatively high proportion of engravings.  
The spatial structure of known sites/artefacts suggests a separated arrangement for activity.  At 
the macro (inter area) level, there are no known archaeological features for several kilometres south of 
the stone arrangements, south of Hat Hill, (preliminary surveys for the BMNP Project in 1997 and 
Brayshaw in 1989).  This indicates a limited use of the corridor which controls access to the Hat Hill 
area and suggests the area is targeted rather than a part of a clinal trend in occupation off the main 
plateau.  Development along this route (see national park boundaries on Figure 54) reduces 
archaeological visibility, thus precluding a definitive assessment.  It is likely that, like today, people 
went to the area for its dramatic view. 
 At the micro (intra area) level the principal engraving site north of the hill (HH12) is central.  
It is located in a distinctive position surrounded by Hat Hill itself (south); views to the northeast of 
Mount Banks; views to the east of Mount Hay.  The direction of the engraved tracks (HH12) are in 
alignment with these views, principally towards Mount Banks.  Hat Hill rises quickly to the south and 
west behind the rock platform and acts like a visual amphitheater to focus the attention to the north and 
east.  The result is a definitive corridor focusing attention.  An interpretation of the short and narrow 
(20–30 mm long, 5–10 mm wide) ground ‘tally marks’ found in association with the engravings as 
ceremonial attendance markings seems to fit with the overall deposition and spatial structure of the hill 
(cf. McCarthy 1955). 
 Light occupation material (quartz and chert waste flakes, small flakes, geometrics and 
grinding grooves) is found to the east out of direct line of sight with the engraved rock platform 
(HH21-24).  The DM flagged, as significant in regional terms, the graduated spatial relationship 
between the open sites, engravings and stone arrangements (HH10).  The open sites are unlikely to 
relate to travel or resource gathering (as per regional norm) but are a series of some sort of special task-
related sites linked to the engravings/place. 
In short, Hat Hill was most likely a sacred place.  The isolated area, selective topography, 
limited variation and distribution in lithic assemblages, presence of abstract homogeneous engravings, 
and obvious visual focusing of attention indicate that the Hat Hill area has evidence of activity that 
correlates strongly with the model of sacred spatial behaviour.  The area was indeed limited in use as 
the archaeological features can attest, but its liminal qualities indicate the area was not simply used 
infrequently, but that when it was used it was used in a specific manner; outside the principal mundane 
regional spatial pattern (ESP).  The significance of the variables and their spatial arrangement which 
identify Hat Hill as liminal are the result of a regional analysis and based on a specific methodology 
not an ad hoc interpretation. 
 
CHAPTER 8 – Liminal and Spatially Graduated Places  Part I Select Places 232 
 
8.1.2  Pinnacles Formation 
8.1.2.1  Topography   
The Pinnacles and Flat Top are a pair of elevated platforms along the Mount Hay Range rising over 
900 m (geodetic station bm 929m) marking them as distinctive features in the surrounding geography, 
east of Fortress Ridge/Creek and south of Lycon Plateau (Figure 56).  Flat Top, as the name implies, is 
a butte that is flat across the top.  In contrast the Pinnacles have two principal rock towers, one west 
(near PP3) and one east (near PP7), with a saddle in between (near PP4). 
The vegetation on the platforms is heath.  Dense woodland is found around the base of the 
platforms and extending into the valleys. 
8.1.2.2  Geology   
Geologically the formations are distinct because of the presence of Hawkesbury Sandstone, large open 
expanses of which are rare in the general area.  The exposed Narrabeen Sandstone contains relatively 
large quartz nodules in exposed deposits. 
8.1.2.3  Material Culture   
The distinctive topography and geology mean that the Pinnacles and Flat Top are likely to have been 
used by Aboriginals moving out along the Mount Hay Range.  Surveys by Watson (1987, 1988) and 
Goodwin (1987) indicate several associated grinding grooves (PP4, 7, FT3, 7), shelter sites (FT4, 4A, 
PP12, 20) and comment on open sites on or near both platforms.  Engravings are found on the northeast 
outer rim of the Pinnacles formation (PP4A).  Goodwin (1987) records rock shelters with surface 
deposits (RR21) approximately one kilometre east of the Pinnacles. 
8.1.2.4  Survey   
The BMNP Project conducted a  series of surveys on the Pinnacles, Flat Top and surrounding region 
(including Mount Hay itself) running over two days with a single team of three persons (principal: 
October 2000; author prelim. January 1997; two person follow-up: November 2000).  Contour and 
track transects investigated were the lower and upper sandstone ridges, the rock shelters below the 
Pinnacle formation (below Mount Hay Road), and the main tracks between formations. 
 The bulk of the lithic material is associated with two open sites (FT8, 9) and four shelter sites 
(FT4, 4A, 5, 5A) around the western portion of the Flat Top and the contour below Mount Hay Road 
south of the Pinnacles (PP12, 12A).  Chert, silcrete, and quartz bipolar cores and associated waste 
flakes dominate the assemblages.  Some flakes with retouch (indicated as backed blades) were noted by 
Goodwin (1987) but none were identified in the BMNP Survey.  On average the shelters yielded 
relatively good surface deposits generally between 15–20 flakes and up to four cores.  Raw materials 
are principally quartz (c. 60%) with the remainder chert and silcrete.  Shelters (3x) near the Pinnacles 
are actually below the main road which is about a 30–40 m sheer drop on the south eastern side of the 
Pinnacles formation.  The shelters are in effect quite distant (20–30 min.) from the top of the platform 
as only one likely route exists to the top, on the western tower, access from the shelters to the towers 
must go down into the valley then up near the water tank.  The two open lithic sites (Flat Top, FT8, 9) 
are located where a lag surface is trapped by a relatively substantial lip in the rock where heavy 
artefacts have dropped to the bottom and finer sediments washed away.  It is likely that the flakes and 
flakes pieces caught in the lip came from the general area rather than one specific spot.   
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Figure 56:  Map of the Pinnacles and Flat Top along the Mount Hay Range north of Leura (size 
of site class symbol relates approximately to frequency). 
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Small groupings of shallow, linear grinding grooves are found along the edge of sandstone 
escarpment (FT 3, 6, 7) below the rock shelters on Flat Top.  The grooves occur where runoff from the 
platform falls over the edge of exposed sandstone.  Interestingly the lengths of the grinding grooves on 
Flat Top are generally half those on the Pinnacles (roughly 15–20cm verses 35–80cm).  How this 
relates to function is unclear, but the tool being sharpened is probably smaller than that of the longer 
grooves (cf. Dickson 1981; McCarthy 1955) or may relate to the position of the person doing the 
sharpening (e.g., sitting or kneeling). 
The occupation areas on Flat Top have good views north to Mount Banks but are restricted 
from viewing the Pinnacles’ engraving and grinding groove areas which are on the more northern 
portions of the Pinnacles formation. 
The Pinnacles themselves have limited lithics around the western tower (<5 identifiable quartz 
flakes, PP3) and masses (>50) of deep, long clustered grinding grooves associated with depressions in 
the sandstone surface (PP1, 4, 7).  The main AGG set (PP4) is found in the saddle between the western 
and eastern rock towers.  The saddle slopes gently to the northeast whereafter the gradient rapidly 
increases towards a steep ravine. 
Five sets of track engravings (PP4A, possible macropod trail?) are located on a distinctive 
spur jutting off to the northeast from the Pinnacles’ eastern tower culminating in an distinctive looking 
sandstone platform.  The spur and platform are surrounded by steep ravines (Rocky Point Ravine) 
which accentuate the prominence of the northeastern spur.  The track formation is in direct alignment 
with the basalt capped Mount Hay but the unobstructed vantage point also takes in other basalt capped 
Mounts to the north (Banks and Edgeworth David Head).  A bastille like wall (roughly 6m x 1.5m x 
2m) of sandstone slabs marks the end of the spur capping off the extruding effect of the spur, which is 
truly prominent in the area. The exposed locale means there is no directly associated deposit.  The only 
access to the engravings is via the spur and over 500 m from the nearest concentration of grinding 
grooves (at the main Pinnacles camp, PP4).  As with Hat Hill very limited grinding actually occurs in 
direct proximity to the engravings (only two grooves are known, PP6, 6A). 
No significant archaeological features were found on or near Mount Hay (3 person, single day 
reconnaissance BMNP Project survey October 2000), although Goodwin (1987) notes a single shelter 
with deposit in Rocky Point Ravine (about 2 kilometres away). 
8.1.2.5  Discussion   
The macro interpretation of Mount Hay Range indicates a clinal drop in occupation from the main east-
west ridge (Great Western Highway) approximately 6 kilometres south at Leura out towards Govetts 
Creek.  This is in keeping with the overall model of site distribution in the mountains (ESP).   Sporadic 
occupation of shelters and opportune grinding continue on the Mount Hay Ridge and minor eastern 
ridges (e.g., Rocklilly) until the noted increase at Flat Top and the Pinnacles.  After the Pinnacles 
‘greater area’ (within a kilometre) archaeological features are exceedingly rare.  Although Mount Hay 
is the obvious visual focus for the range, being a solitary high peak on the edge of the Grose Valley, the 
Pinnacles’ area is the principal end of occupation for the range.  It is obvious that the two formations 
were targeted for use. 
Why the Pinnacles, as opposed to the more heavily occupied Flat Top, were chosen as a focus 
for grinding is unclear, unless the actual grinding activity is itself in some way a restricted activity (see 
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Attenbrow 1987:184; McCarthy 1955:318–319).  The formations were obviously selected for their 
suitable outcrop of Hawkesbury Sandstone but only one portion of the many sandstone outcrops 
available shows considerable use.  Perhaps the smaller grooves on Flat Top and the larger and 
concentrated grooves on the Pinnacles are the result of similar actions yet different activity (as the 
MCA suggests).  The considerable array of grinding grooves on the Pinnacles indicates considerable 
use (probably reuse over time).  The association between moderate levels of occupation material (Flat 
Top) and large scale grinding in selective topographic locations is in itself rare.  Large clusters of 
grinding grooves are associated with periphery areas (such as the ends of ridges e.g., Mount Banks, 
Explorers Ridge) but accompanying occupation and engravings are rare in these locations. 
If the concentration of grinding at select locations is evidence of special logistical task-related 
behaviour, as is generally assumed, then two different logistical structures may be at work.  At Mount 
Banks for example the high concentration of grinding with limited associated occupation material 
suggests group logistics where a specific resource was exploited, then abandoned.  The Pinnacles and 
Flat Top however indicate more mobile residential units were moving into an area to use the resource.  
The movement of residential groups to selective topographic locations is somewhat rare as the regional 
norm is equated with the logistical procurement/utilisation of raw materials (cf. Stockton 1970).  It was 
this distinctive pattern that was flagged by the DM algorithm.  
The Pinnacles formation was most likely a sacred place.  In terms of a graduated process: Flat 
Top offers the most likely main camp, the Pinnacles, being 500 m away visually (but more like 1500 m 
by foot) seem to be a special task oriented centre for grinding and the even further distant engravings 
illustrate the gradual increase in selectivity (from south to north).  Each step intensifies the focusing 
and liminality of the area.  This is seen both through the decreasing variation in activities between Flat 
Top and the engravings and the natural effect of the topography.  Although the algorithm generated a 
use factor ‘7’ (probable mundane grinding) for a portion of the Pinnacles, this can be attributed to the 
very limited distribution of Hawkesbury Sandstone (west of Linden Ridge).  Most importantly, the 
formulaic relationships between variables from Flat Top to the Pinnacles fits the model of sacred 
spatial behaviour. 
 
8.1.3  Woodford Range and St. Helena Ridge in the Blue Labyrinth 
8.1.3.1  Topography   
Woodford Range runs south out of Woodford shortly joining up and running parallel with Bedford 
Creek and then bends towards the east finishing near Euroka Clearing about two kilometres south of 
Glenbrook (general region Figure 55).  The range’s elevation drops from the Woodford geodetic station 
at 598m (bottom of Figure 60) to about 550 m around the ‘Wheel’ formation (Figure 57) where it turns 
east and gradually but consistently drops 400 m over eight kilometres.  
The western portion of the range runs parallel with the Tomah Monocline marking the range 
itself, which is a topographic western boundary for the area known as the Blue Labyrinth (Figure 57).  
The effect is compounded by the deep incising associated with Bedford Creek (and Bedford Fault, 
Figures 57 and 8).  The area west and south of the range is very rugged and there are no travel routes in 
these areas.  The range is the physical limit for the area east known as the Blue Labyrinth.   
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Figure 57:  Map of the Blue Labyrinth and Woodford Range along Bedford Creek south of 
Woodford with select places: Circles, Goonaroi and Bora Ground (size of site class symbol relates 
approximately to frequency). 
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The majority of the Labyrinth is itself inhospitable terrain.  Movement is generally conducted along the 
range and principal east-west ridges, such as the prominent St. Helena Ridge.  St. Helena Ridge forms 
the northern boundary of the Labyrinth.  In effect the Woodford Range and principal ridges (St. 
Helena, Red Hands) form a ring around the Blue Labyrinth and a threshold for western movement 
south of the dividing ridge (Great Western Highway).  The Woodford Range and associated ridges and 
slopes form the principal places for likely occupation and transit in the Labyrinth. 
As one would expect vegetation is quite dense for most of the Blue Labyrinth, principally 
dense woodlands.  Along the ridges the vegetation begins to thin out with heath becoming more 
prominent at the higher elevation (500 m+).  
The 500 m SPT DM identifies three locations along the Woodford Ridge: the junction with 
Goonaroi Ridge, the pass south of Red Wire Saddle, the pass north of the Wheel.  On St. Helena Ridge 
one place is identified, the St Helena diatreme junction south of St Helena Hill (northwest corner in 
Figure 59). 
8.1.3.2  Geology   
Although they are rare in the Blue Mountains, around 120 diatremes are known for the Sydney Basin.  
The geology of Blue Labyrinth is distinctive because it has six diatremes, or volcanic vents (Figure 8).  
Most volcanic vents contain a single type of igneous rock but diatremes contain breccia, a mix of lithic 
material some suitable for stone tools.  The diatremes that are related to this section are Tobys Glen off 
the Woodford Range (Figure 57) and St. Helena off the St. Helena Ridge (Figure 59).  Blue Labyrinth 
diatremes are generally smaller than 500 m in diameter and all are directly associated with main ridges.  
Diatreme soils are extremely rich and result in luxuriant vegetation, creating pockets of high density 
subsistence features in an otherwise difficult terrain.  The breccia results from explosive activity in the 
underlying layers of rock.  It often contains a useful variety of rock types.  The quartz for instance 
generally has few internal flaws and is better for flaking.  The majority of the area outside of the 
diatremes is Hawkesbury Sandstone (quartzose) and the more lithic96 Narrabeen Sandstone. 
8.1.3.3  Material Culture   
The Blue Labyrinth has been the site of numerous archaeological surveys through the years.  On the 
Woodford Range starting at the junction with the Western Ridge, Towle (1940), working from local 
information, was the first to record what is perhaps the most unusual engraving in the entire region 
know as the ‘Circles’ (WR31, Figure 57).  The engraving consists of four concentric circles (c. 300 mm 
diameter) set on a 45o sandstone rock platform with distinctive large eroded joints.  No other engraving 
of this nature is known to exist in the region.  The general area of the Circles has open deposits, rock 
shelters and numerous grinding grooves (McCarthy n.d., Stockton and Gallard n.d.).  Gallard (n.d.) also 
records several small heterogeneous or indeterminate pigment art sites north of Western Ridge within a 
kilometre from the Circles. 
Sim (1959) records two series of roo track engravings (WR41 SI and WR43 SII) about 2 
kilometres south at the junction with Goonaroi Ridge.  A further small series of roo tracks (WR41A, 8 
pairs) and numerous grinding grooves are also recorded by Gallard and Stockton (n.d.) at the Goonaroi 
branch.  However, this is likely the actual position of Sim (1959) Series I (WR 41 SI, 7 pairs of roo 
                                                          
96 ‘Lithic’ sandstone relates to the size of the aggregate, increasing in size from sand grains to small stones, the more lithic 
sandstone the larger the grains, or the more stone vs. sand that is present. 
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tracks.  (A similar unconfirmed recording is made for a position further east ‘SI?’.  It is not included in 
the matrix.)  Several grinding grooves are also recorded near the junction (e.g. WR44). 
Approximately 1.5 kilometres further south at the diatreme known as Tobys Glen, Stockton 
and Gallard (n.d.) record rock shelters (WR51-52) with limited surface deposit that exhibit notable 
finished tool types (e.g., ground edge axes, backed blades).  No pigment art is recorded in association 
with the principal occupation shelters around Tobys Glen.  
Stone arrangements are recorded by Stockton and Gallard (ibid.) on the southern edge of 
Tobys Glen, high on the main ridge, where the track passes through a narrow section of the ridge 
leading to a large open rock platform (WR11, WR11 PA).  This large opening at the corner of the range 
is known as the ‘Bora Ground’ after the stone arrangements found there in the late 70’s.  Another series 
of stone arrangements is recorded about 750 m further south where the ridge narrows again opposite 
the Wheel (BG22, 22A; BG25 PB).  Grinding grooves (BG25B) are associated with the stone 
arrangements marking the entrance onto the principal rock platform (Bora Ground) but few are found 
on the platform itself.  After a further 750 m the range turns east and descends toward Euroka Clearing.  
Fairly substantial pigment art sites are recorded along Bedford Creek, which runs parallel with 
the western portion of Woodford Range.  In general the paintings and drawings are more 
homogeneous, having two or three figurative motifs per shelter.  Buhr (1980) records a large gallery 
(BC10) roughly west of the Red Wire Saddle still in fairly good condition.  The principal motifs are a 
series of six red ochre wombat figures although much has faded from the panel.  Stockton and Gallard 
(n.d.) record a gallery (BG23 caves 1–5) of 5 large rock overhangs opposite the Bora Ground, over 400 
m south east and 100 m down a steep slope.  Motifs range from roo and wombat to human and what 
Stockton calls a ‘sprint figure’ of a human.  Cave 2 has two charcoal loop         motifs;  Cave 3 nine red 
ochre figures, 2 of them loop motif one prone man; Cave 5 has 10 charcoal figures 2 men (one is the 
‘sprint’ figure), two roo outlines and a wombat infill.  Sandy deposit in all caves yielded according to 
Stockton and Gallard (ibid.) 25 flakes (mostly quartz, some basalt and chert) no implements and two 
quartz cores.  Revisitation of the site found the painting extremely weathered, and a much higher count 
of quartz flakes eroding from the sandy floor (c. 50) but no implements or cores.  Two broken backed 
flakes had evidence of retouch and may be broken microliths but as they were quartz it was difficult to 
be certain. 
Around St. Helena diatreme, four kilometres east of the Woodford Range (Figure 59), Gallard 
(n.d.) and Kelton (1993) recorded stone arrangements and open deposits along the fire trail. The 
location of the stone cairns (SH4, 7, 9) is particularly interesting as they mark a junction in the ridge 
where it turns towards the Circles in the west.  St. Helena Ridge itself is a useful way to move west 
towards the Woodford Range from the Glenbrook area.  It connects with the range about 500 m south 
of the Circles. 
8.1.3.4  Survey   
Four days of field survey were conducted on the Woodford Range between the northern Circles and 
southern Wheel surveys (principal: July 1998; author prelim. March 1997; two person, two day follow-
up: July 2000).  The first kilometre of connecting ridges (Western, St. Helena, and Goonaroi) were also 
investigated, as was approximately two kilometres of Bedford Creek around Scorpion Hill (opposite 
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Goonaroi Ridge) and the creek beds west of the Wheel and Bora Ground.  Unfortunately the area 
around the St. Helena diatreme was not surveyed.   
In general the area has dense vegetation but recent burnt areas, open rock platforms, and 
significant contours offer a decent visual impression if far from complete picture.  Each linear 
kilometre transect ranged in effective coverage from 500 m2 in dense areas to 3000 m2 for open areas 
(chapter 5).  The principal survey was conducted by one team of three for two days covering the tops of 
the ridges and one team of two for two days concentrating on the slopes and creek beds.  Results are 
summarised from north to south.   
At the junction with the Western Ridge and the Circles (WR31) two shelter sites (WR35-36) 
with surface deposit were found, one about 500 m northeast the other about 400 m east of the junction.  
Both sites contain chert and quartz flakes (about 80% small and 20% larger flakes) but no implements 
were recorded.  Grinding grooves were much more numerous (>30) in association with the Circles than 
indicated by previous records (e.g. WR33A).  Most grooves clustered in moderate size groups (<5) 
around rock wells within 10 m of the engraving.  Grinding grooves and some isolated (indeterminate) 
quartz flakes were found to extend down the fire trail and down towards Coolona Brook on the west 
side of the main ridge (WR33).  Wherever a depression in the sandstone is likely to allow water to pool 
grinding grooves were located.  The area around the Circles and off Western Ridge seems to have been 
relatively well if sporadically utilised. 
At the Goonaroi Ridge junction a series of two sets of two-toed      (roo?) tracks and one 
isolated three-toed          (emu?) track are recorded (WR43).  These are likely to be the correct location 
of Sim Series II.  Two groups of grinding (WR44, 6 grooves in total) were located between the smaller 
engraving site (Sim Series II) and the larger site (Sim Series I, also recorded by Stockton and Gallard). 
North of Tobys Glen in a Narrabeen lag surface trapped by a surrounding slightly raised 
surface two chert flakes, one diagnostic basalt flake and four flakes of a milky quartz mark an open 
Transit site at the beginning of the ridge looking west into Tobys Glen (WR57).  Heath and moss are 
growing opposite the flakes and it is likely the flakes have eroded from under the vegetation.  Although 
the area is principally Narrabeen Group Sandstone, the few prominent open expanses of Hawkesbury 
were not associated with any grinding.  There are no recordings of any grinding in direct association 
with Tobys Glen. 
Two relatively rich shelter sites were recorded along the northern edge of the diatreme roughly 
below the 500 m contour (WR53, 54).  In addition to Gallard’s sites, Tobys Glen surface deposits have 
produced a significant yield of four basalt axe heads and three backed points (one of jasper the others 
unknown) and no cores (chert and quartz waste flakes are generally sparse, <10, but not uncommon).  
Although the quantity is light in absolute terms, Tobys Glen shelter deposits indicate a less varied lithic 
assemblage characterised by finished tools rather than production.  Numerous potential archaeological 
deposits (PAD) were identified. 
One open site (WR 53A) and two grinding groove sites (WR 55-56) were identified between 
Red Wire Saddle and the Bora Ground.  All three sites occur before the stone arrangements identified 
by Gallard and Stockton (n.d.) at the northern pass (WR11 PA), where the ridge narrows and bends 
sharply south.  The first grinding grooves (7x) occur coming out of the dip after the saddle on a high 
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rock platform west of the fire trail.  The surface deposits and remaining grinding groove sets are on a 
spur to the northeast of Tobys Glen. 
The open Transit class deposit is on the southern portion of the spur about 300 m northeast of 
the trail behind a raised Narrabeen outcrop consistent with the 500 m contour.  The area is basically a 
large lag surface which is caught in a dripline coming off the minor sandstone overhang above.  Small 
quartz flakes and waste flakes predominate 17x, but one bipolar core and two geometric microliths (one 
chert one quartz) were also identified.  The surface deposit was very different from the surface deposits 
in the Glen: both are dominated by waste flakes but the shelters contain axes and points while the open 
scatters contain a bipolar core and microliths.  The grinding grooves (11x) spread out along the spur 
and are oriented south towards an opening on the ridge.  The dense growth over the exposures of 
sandstone, even with the good visibility afforded by what must have been a recent bushfire, suggests a 
higher density than recorded.  Of primary interest is the occurrence of one set (BG12) of four narrow 
‘fingerlike’ grinding grooves which are likely to be the result of spear making or maintenance (section 
6.7). 
After moving through the pass only two axe-style grinding grooves (near WR11 PA) were 
noted over the next 900 m before reaching a second set of stone arrangements (WR11) associated with 
the northern portion of the Bora Ground.   
The ‘Bora’ platform itself is roughly defined by the 530 m contour, around 200 m long and 
100 m wide.  The platform contains numerous and substantial rock wells (max. 2m in diameter and 
60cm deep) but only two grinding grooves were found inside the perimeter (i.e., inside the stone 
arrangements identified by Stockton and Gallard which mark the platform roughly 10 m in from the 
trail, e.g. BG22).  Outside this perimeter 4 grinding grooves were recorded. The number of grooves 
incrementally increase along the trail south towards the Wheel. 
After leaving the Bora platform, travelling south about 200 m, the trail takes a sharp bend 
passing through another narrow section of the ridge just north of the water tank/helicopter landing area 
and east of the art gallery (BG23).  Stone arrangements are again noted by Stockton and Gallard (n.d.) 
but have not been verified (BG22A).  Multiple occurrences of grinding grooves (17x) and another spear 
sharpening groove formation (BG14) mark the eastern edge of the trail extending off the track for about 
100 m and run for about 300 m.  A small scatter (<10) of quartz and chert flakes (WR10) and a series 
of grinding grooves (WR10A) mark open sites 200 m east of the water tank.  Numerous PADs are 
recorded south and west of the ‘Wheel’ about 100 m-1000 m into a gully.   
About a kilometre west in Bedford Creek two shelter sites were recorded, none with cores and 
all with little deposit.  One shelter exhibited possible charcoal drawings but these were indeterminate.  
Several PAD were identified. 
8.1.3.5  Discussion   
The distributional structure and type of archaeological features found on the western portion of 
Woodford range has interesting liminal associations.  The distinctive topographic and geologic 
qualities of the range indicate a threshold or boundary for people moving through the Blue Labyrinth 
from the east. 
The Circles have received the most attention through the years being a unique motif 
prominently placed, but the archaeology associated with the Circles is not unusual.  The DM algorithm 
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did not identify the spatial structure between archaeological features as liminal.  The area appears to 
have had moderate, or more likely sporadic, use.  The flow of archaeological features between the 
various site classes suggests an overlapping or freely used area rather than a formally distributed or 
restricted place.  A mixture of sites is distributed around the area.  This is a fairly mundane structural 
association, according to the matrix’s regional norm.   
Some early records suggest a ‘ceremonial’ structure between the grinding grooves and 
engravings (e.g., Towle 1940) which was picked up by later researchers (e.g., McCarthy n.d.; Sim 
1959; Stockton 1993c).  This was not indicated by the regional indicators of liminality.  The Circles do 
not fit the model of sacred spatial behaviour. 
Grinding grooves were found wherever depressions in the sandstone allowed water to pool.  
Grooves were found in mixed clusters all over the area (and within 5m of the engraving).  Likewise, no 
underlying structure was apparent in the archaeological features around the Circles.  Lithic deposits in 
nearby rock shelters are generalised, and known pigment art is heterogeneous. 
Assuming for argument’s sake, as is likely, that the archaeological features are the result of 
significant reuse, the latent spatial patterns are still not graduated in terms of deposit.  For instance if 
the assemblages that spatially contradict a formal distribution are removed, effectively making a 
graduated spatial partition, the remaining deposits themselves are still not liminal against the norm. 
It is likely that the location, being a prominent point for three important ridges, marks a 
transitory camp where travellers spent a short time, hence the generalised spatial and archaeological 
features.  Very little archaeological material is found within 4 kilometres of the Circles’ area, although 
there are substantial sites at the further ends of the connecting ridges.97  This suggests the Circles were 
the focal point for the surrounding area perhaps as a directional marker (if they must have a function) 
but nothing suggests they were associated with ceremonial behaviour.  The Circles are an unusual 
engraving, but they are unlikely to be related to archaeologically identifiable religious behaviour. 
The area around the diatreme along St. Helena Ridge opposite St. Helena Hill was selected 
by the DM.  From the information recorded by Gallard (n.d.) and Kelton (1993) the ridge appears to 
have been used as a transitory route.  Stone arrangements are noted at the fork in the ridge where it 
branches off toward St. Helena Hill to the north and Woodford Range in the west.  Numerous quartz 
and chert flakes and a few backed points have been recorded above the diatreme, but there is no other 
site information (only a preliminary survey by the author in October 1997).  It is likely that the 
diatreme itself was used for its natural concentration of resources, but this is not clear from current 
records.  An assessment of the area’s liminality is not possible at this time.  
Woodford Range has three places selected by the DM:  the junction with Goonaroi Ridge, the 
top of the ridge above the southern portion of Red Wire Saddle, the pass between the Wheel and the 
Bora Ground. 
Tobys Glen sits in the middle between the Goonaroi engravings and the Bora Ground, being 
approximately one kilometre from both.  The glen seems to act as a hub for the Bora Ground to the 
south and possibly for the engravings to the north.  It is void of grinding grooves although expanses of 
                                                          
97 For example, the north end of the Woodford Range around Woodford and Linden or south toward Tobys Glen; the northeast 
end Western Ridge near Martins Lookout; the eastern end of St. Helena Ridge near Duck Hole and Glenbrook and Blaxland 
Oval. 
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Hawkesbury sandstone ring the Glen.  Pockets of grinding grooves are generally found all along the 
ridge, especially near occupational deposits (e.g., Circles).  The surface deposits in the identified rock 
shelters contain finished tool types not identified elsewhere on the range and are relatively sparse in 
associated waste flakes (cf. Stockton 1970).  I think Tobys Glen indicates a more select use with a 
limited activity range, rather than a generalised usage (as would be the norm).  Given the nature and 
location of the glen the activity is likely to be subsistence oriented and acting in support of 
complementary activities north and south. 
The Goonaroi engravings (all two-toed ‘roo’ tracks) all have associated linear grinding 
grooves.  Grooves (20x) associated with Series I are located in parallel formation within 25 metres of 
the engravings.  The grooves and engravings are found on a west facing, large open platform 
surrounded by steep slopes.  Grooves related to Sim’s Series II (WR43 SII) (in a hollow overlooking a 
creek) are also linear in structure but deeper.   
All sites have significant expanses of Hawkesbury sandstone associated with depressions 
(rock pools) in the rock surface and natural water channels but the associated rock pools were not 
utilised for grinding as they were near the Circles.  The Goonaroi engravings have a decidedly more 
formal spatial relationship with grinding grooves and this was picked up upon by the DM.   
No archaeological features are recorded between Tobys Glen and Goonaroi, and if one 
assumes a relationship between the two places (being less than one kilometre apart) Goonaroi exhibits 
the features missing from the north of the glen.  Like the Pinnacles there seems to be a split in activity, 
one place being tailored for subsistence but lacking the multidimensional qualities of general domestic 
camps, the other being a specific task oriented area which logically fills in the gaps, in a decidedly 
formal manner.  According to the model of sacred spatial behaviour, this is the type of material/spatial 
relationship that relates to ceremonial support camp activity.  The separation of activity, the selective 
association of archaeological features and topography, the focusing of attention by the choice of 
structure and placement of engravings and grinding grooves and the homogeneous and abstract 
‘stylistic’ qualities of the engravings mark the relationship between Tobys Glen and the Goonaroi 
engravings as very liminal and most likely related to ritual behaviour (cf. Witter 2000:57–63). 
The two passes into the Bora Ground identified by the DM as being liminal in structure are 
interesting as each mirrors the other (north WR11 PA and south BG25 PB).  Both have significant 
levels of linear structure and shallow grinding grooves and evidence of the rare spear sharpening.  Both 
have open deposits of quartz, one with the slightly enigmatic microliths.  All the lithics and the mass 
majority of grinding grooves occur outside of the stone arrangements (stone arrangements are not part 
of the DM algorithm).  Both passes are near shelter sites but not directly associated with them.  Hence, 
both passes seem to illustrate what Mathews (1896a) and Berndt (1974) identified as ceremonial 
support and staging camps associated with a ceremonial centre (see chapter 7, Figures 51 and 52). 
Tobys Glen can be seen to offer the subsistence base for the northern pass and the glen’s 
assemblage complements the artefactual material around the pass.  The same can be said of the shelter 
and open pass assemblages in the south.   
The Bora Ground itself is interesting because of its large rock wells in the sandstone which are 
uncharacteristically used little, if at all, for grinding compared to the well used depressions (rock pools) 
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off the platform in the passes (sandstone quality varies on the platform but is comparable with the 
connecting ridges).  The structure of grinding grooves around the Bora platform and near the passes is 
linear (sets [c. 2–6 grooves] generally 8–9m apart), and shallow, rather than the clustered groups (sets 
within 1–2m) of deep grooves near the Circles.  This is interpreted as indicating long term but sporadic 
use by large diverse groups (a large body made up of somewhat independent smaller groups) spread out 
around the pass rather than long term concentrated usage (cf. Witter 2000:57).  The sets of shallow 
grooves possibly indicate less time (say 5 minutes of sharpening for shallow grooves and 30 minutes 
for deep grooves) spent at any one spot which may indicate a pattern of movement between groove sets 
as opposed to the more stationary deep clusters.  (A possible pattern of movement which could be 
explored in the future.)  It seems as if the platform, and especially inside the stone cairns which mark 
its outer perimeter, are a restricted area where the logical exploitation of resources is controlled. This 
interpretation is supported by the relatively heavy use around the adjacent northern and southern passes 
and the Circles six kilometres north. 
The location of the gallery of pigment art sites (BG23) at the southeastern head of a brook 
below the Bora platform is difficult to interpret.98  The easiest route between the elevated platform and 
shelters is up through the south Wheel pass rather than a direct route up onto the platform, an indirect 
relationship despite the close physical proximity.  Diagnosing the motifs is difficult as they have 
heavily eroded, but can be done by experts.  According to Stockton and Gallard’s (n.d.) records the 
range of motifs indicate a more controlled placement than is the regional norm for pigment art: looped 
motifs occur in two shelters and animal and human motifs in another shelter.  The loops are very 
similar to those found at Red Hands cave about 10 kilometres away (moving east down the range and 
then along Red Hands Ridge).  The shape of the loop motif        is very similar to the shape of the Bora 
platform itself and ethnographic records of ceremonial grounds (e.g., Berndt 1969; Fraser 1882, 1892; 
Howitt 1904; Mathews 1896a, 1897b-e, 1898b; cf. Stockton 1993c:77).  The limited surface deposit on 
the sandy floors of the shelters does not indicate generalised use.  
The graduated spatial relationship between subsistence features and liminal features is 
classically structured around the Bora Ground.  As one moves in from the Wheel in the south and 
Tobys Glen in the north, the flow in archaeological features closely relates to the continuum of sacred 
behaviour discussed in chapter 3.  If one considers the Bora platform as a ceremonial ground, acting as 
a nexus between the northern and southern archaeological features, then the flow in material culture 
parallels Witter’s (1989:4–5; see section 1.3.1) hypothesis of a sacred zone of influence, where 
archaeological features become increasing selective and formalised towards the sacred centre.  The 
centre of Witter’s (ibid.) sacred zone is also a series of rock wells in a prominent elevated position at 
Boat Rock Hill.  The Bora platform and flow of material features onto it strongly indicate a clear 
focusing of attention.  When coming upon the platform it is virtually impossible to avoid fixing one’s 
attention on the platform.  The natural topography, and it seems the archaeological features, funnel 
attention onto the platform.  These ideas are explored in detail in part III of this chapter. 
 
                                                          
98 Of the two places selected by the DM with pigment art (Red Hand Cave being the other) neither is related to engravings.  This 
may indicate a difference in activity related to these places. 
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In short, the southwestern portion of Woodford Range is clearly liminal in terms of 
topography, geology, and archaeological features.  The archaeology and organisation of the Bora 
Ground and Goonaroi are likely related to religious behaviour.  Relationships identified by the DM 
indicate places which correlate strongly with the model of sacred spatial behaviour.  The spatial 
arrangement of specific variables (DM) clearly marks portions of the Woodford Range as liminal.  
These results are from a regional analysis based on a specific methodology, not an ad hoc 
interpretation.  Woodford Range is liminal in regional terms.  The sacred places on Woodford Range 
are determined not so much for what it does not exhibit but for what it does exhibit. 
 
8.1.4  Lawson Ridge and Euroka Clearing 
The DM identified both Lawson Ridge and Euroka Clearing as liminal areas, but least likely of the 
selected areas to be the result of ceremonial behaviour.  (Both were given a use factor of ‘U8’ in at 
least one of the match records).  Because of these similarities, the two areas are examined together 
although they are geographically distinct.   
8.1.4.1  Topography   
Lawson Ridge is typical of central and lower north-south ridges in the Blue Mountains which run off 
the main east-west ridge (Great Western Highway).  The ridge is broad and flat, the spurs slope 
relatively gently into creek beds with abundant water and some hanging swamps (Figure 58). The 
geodetic station roughly 2.5 kilometres north of Lawson is at 727m.  The DM has identified the area 
around the station.  Flora ranges from open heath to dense light woodlands along the ridge to dense 
heavy woodlands on the slopes and in the creek beds. 
The topographic setting of Euroka Clearing is characterised by a prominent diatreme (Figure 
59).  Diatremes are characteristically rich in subsistence features.  The clearing is located about a 
kilometer west of the Glenbrook Fault.  The clearing is very distinct in relation to the Cumberland 
Plain a few kilometres away, coming shortly after the Lapstone Monocline (Figure 8).  Moving in from 
the east, the Euroka clearing is characterised by four substantial geographic features within two 
kilometres: plain (� monocline), gorge, fault, diatreme.   
Red Hands Cave is included in this section as it is less than 3 kilometres to the northwest of 
Euroka Clearing.  The cave is situated at the end of a distinctive gully off Camp Fire Creek (Figure 59).  
The general topography is standard lower Blue Mountains with relatively gentle slopes connecting 
ridges to creek beds.  Flora is dense to light woodland. 
8.1.4.2  Geology   
The top of Lawson Ridge is a narrow layer of Hawkesbury Sandstone with Narrabeen Sandstone 
making up the slopes and a slightly more lithic Narrabeen Group Sandstone in the creek beds.  This 
geology is also typical of central and lower Blue Mountain ridges although the layer of Hawkesbury is 
generally much wider.   
The geology of Euroka is similar to the diatreme at Tobys Glen (discussed above).  The 
geology around Red Hands Cave is the standard mix of Hawkesbury and Narrabeen Group sandstones 
found in the lower mountains.  The gully head has several Hawkesbury boulders, some of which have a 
vertical alignment.  This is a fairly common regional geologic feature. 
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Figure 58:  Map of Lawson Ridge north of Lawson and Hazelbrook (size of site class symbol 
relates approximately to frequency). 
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Figure 59:  Map of Euroka Clearing and diatreme, Red Hands Cave, St. Helena Ridge and 
diatreme south of Glenbrook (size of site class symbol relates approximately to frequency). 
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8.1.4.3  Material Culture   
Stockton (1970:299) conducted an excavation (LR39, Figure 58) in a shelter north of Lawson’s 
geodetic station which yielded ‘meagre’ archaeological material in comparison to finds around 
Springwood and Lapstone Creek.  In general the assemblage was of the light domestic variety (adze 
flakes, scraper, Bondi points, various small tools, and waste flakes).  Several other shelters (e.g. LR44, 
67) with surface deposit (mostly waste flakes, a few with scrapers or broken bits of various small tools) 
and PADs are recorded in the general area, mostly in relation to the main ridge (Johnson 1977a). 
Grinding grooves are plentiful (>200 recorded) along the ridge out to about a kilometre 
beyond the geodetic station (McCarthy 1946: Jelinek 1977; Johnson 1977a; Stockton 1970).  Some 
spear sharpening grooves are also commented upon (Stockton 1970) but most grooves are of the axe 
grinding variety and tend to form clusters around depressions in the rock surface (LR3A, 9A, 14). 
Transit class (open) sites with relatively good scatters (on average <15 undistinguished flakes 
of predominately chert and some quartz) also occur along the ridge (e.g. LR27, 28, 29) These are 
generally found on slightly raised lag patches near water (Johnson 1977a; Stockton 1970). 
Engravings of a ‘snake’ and ‘human foot’ (LR11) are recorded by McCarthy (1946) south of 
the geodetic station along the fire trail.  Stockton (1970, n.d.) notes an unspecified number of ‘tracks’, 
possibly roo, north of the geodetic station (LR 32x)and near the excavated shelter (LR 39).   
Stone arrangements are recorded by McCarthy (1946, n.d.) within a kilometre of the main 
ridge, principally dispersed around the town of Hazelbrook. 
Shelter and open sites are common around the Euroka Clearing (Figure 59) of which however 
only a few are briefly recorded (EC2, 23; see Gallard n.d.).  Shelter sites contain a general mix of 
implements and flakes with no geometric microliths.  This may be an error (limitation) in the NPWS 
recordings as at least one was found in subsequent surveys (EC21).  Clusters of deep grinding grooves 
are found around the clearing and along several small creeks which run through the clearing often not 
far from shelter sites (EC9A-C).  This contrasts sharply with Tobys Glen where no grinding grooves 
are known to be within or along the inside edge of the glen.  Heterogeneous pigment art is plentiful 
according to local knowledge (EC 2A, 21), but only two sites are recorded in NPWS files (EC 9, 23).   
Red Hands Cave (RH1) records are rather poor but it seems the lithic assemblage is 
characterised by a fairly generalised mix with few tools and more trimmed blades.  After years of 
visitation with little management until recently, it is impossible to know the true extent of the lithic 
deposit.  No grooves are recorded in the immediate area although four were noted in a brief survey. 
Pigment art is dominated by c. 70 red hand stencils; clearly a homogeneous assemblage.  In 
addition there are four loop motifs and a ‘banana’ infilled figure.  As noted previously, the loop motifs 
are similar to those recorded at the base of the Bora Ground (cf.  Stockton 1993c:77). 
8.1.4.4  Survey   
One team of three persons conducted the principal survey: a single day survey along Lawson Ridge, 
one day at Euroka Clearing and one day around Red Hands Cave (principal: July 1997; author prelim. 
June 1997; two person, single day follow-up for Euroka and Red Hands: July 2000).  In relative terms 
both areas are frequently visited and have had significant recordings.  Surveys for the BMNP Project 
concentrated on less well visited areas.  
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Three Transit (open) sites, four Multidimensional shelters with surface deposit and around 50 
grinding grooves (8 sites) were recorded for Lawson Ridge. Lithics in both the open and shelter sites 
were predominately quartz and chert waste flakes (although some large and small flakes, one with 
retouch at LR22A were also recorded).  Interestingly, as Brayshaw and Haglund (1995a) found around 
Blaxland, larger flakes were noted in the open sites as opposed to smaller flakes in the shelter.  This is 
likely to relate to the fact that the open larger flakes were mostly chert and the smaller mostly quartz; 
quartz knapping characteristically produces small flakes.  This dichotomy however is reversed at Hat 
Hill, Pinnacles and around Tobys Glen where either shelters contain larger flakes than the open 
deposits or both were small in size.  The significance of this is explored in the discussion, but it appears 
to indicate a change in the flow of activity.  In general the survey confirmed the existing record for the 
area, although the use of quartz seems more dominant than previously indicated, especially in the 
shelter deposits (all) east of the geodetic station (e.g., LR2, 5, 8, 22A, 24).      
The survey of Euroka Clearing and Red Hands Cave with the aid of local information 
identified two nondescript art shelters (EC21, 23A) and two grinding groove areas around Euroka 
Creek.  No new sites were located near Red Hands, although grinding was recorded in the nearby creek 
(RH3, 20, WH4)  Several previously indeterminate open and shelter sites were also verified.  Cupule-
like markings were noted on nearby sandstone surfaces but these were likely to be small gnamma 
holes.  Vertical examples of these cupule-like markings are only known on boulders which have broken 
from the horizontal layers of nearby spurs. 
8.1.4.5  Discussion   
The DM indicates that Lawson and Euroka are clearly liminal in terms of spatial associations, but the 
distribution of archaeological features for the areas does not correlate with a graduated spatial structure.  
The spatial patterning and the types of features themselves indicate staging or gearing-up camps 
(Binford 1980; 1992).  The liminality related either to select geography (Euroka) or sporadic and 
limited diversity in occupation (Lawson). 
Both areas have many satellite camps which show no clear focus in activity. These satellite 
camps establish a foraging zone or logistical radius.  The residential areas related to these satellite 
camps are likely to be temporary (seasonal) logistical centres (Binford 1992).  The interplay between 
satellite camp and logistic centre (the DM selected matches) mimics a liminal spatial pattern.  However 
these spatial relationships lack the area-wide graduated spatial formality diagnostic of sacred spatial 
behaviour.  The area as a whole does not follow a consistent pattern of separation between activities (as 
does the Woodford Range). 
Stockton’s (1970:300) excavation and surface survey identifies this type of spatial distribution 
as seasonal hunting residences in the case of Lawson with its more limited lithic assemblage.  Euroka is 
less seasonally affected being lower in the mountains, and exhibits a more complex mix of 
archaeological features, while its close proximity to the Nepean means it would be competing with the 
high subsistence places in the gorge.  Multidimensional shelter sites around Springwood and Valley 
Heights, further into the mountains and sites along the main ridge, show a more generalised or 
permanent residential character (cf. Brayshaw and Haglund 1995, Cameron 1990; Stockton and 
Holland 1974) and are most likely to be the principal residential areas.   
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Red Hands Cave is more enigmatic in that it seems to exist just outside the known logistical 
radius (identified sites) associated with Euroka Clearing.  Transitory sites are in evidence along the 
ridges moving towards the west, but how or if they relate to Red Hands Cave is impossible to 
determine.  It is probable that a continuum of sites does exist between Euroka and Red Hands but the 
saliency of such a relation is unknown.  The sheer size of the art assemblage (c. 80 motifs, dwarfing all 
other pigment art assemblages in the study region) and the rather limited types of motifs (over 90% 
being red hand stencils) do indicate a more than simple mundane use. 
According to the MCA the plethora of stencils in the cave represents some sort of transition in 
the greater landscape.  The cave may represent a staging area for movement into the Blue Labyrinth 
rather than a principal vertex in itself; a threshold or doorway into the very liminal western portion of 
the Blue Labyrinth.  (Other nearby stencil sites also exemplified this idea, e.g. WH3, 6, KB2, DH1.)  I 
think this is the likely interpretation if a mixed (ungraduated) material/spatial continuum is found 
between the clearing and the cave.  Unverified local information seems to indicate that a mixed 
occupation of various site classes is probable. 
Alternatively if the cave itself was the focus of activity then the limited occupational material 
in proximity to the cave may indicate that the Euroka Clearing and its logistical zone are the support 
areas for activity associated with the cave.   
Interpretations of the cave are speculation.  The DM identified the cave as liminal; but in the 
model of sacred spatial behaviour the relationship with surrounding archaeological features is 
inconclusive. 
 
8.1.5  Linden Ridge 
8.1.5.1  Topography   
Linden Ridge runs north of the main east-west ridge (Great Western Highway) at Linden (Figure 60).  
Its broad and flat spurs are slightly larger than other ridges in the central mountains and it has ready 
access to hanging swamps and substantial creeks.  The ridge runs from an elevation of around 600 m 
for approximately three kilometres north of Linden, then at the break with Dawes Ridge, Linden Ridge 
slowly drops about 150 m over 6 kilometres as it heads north towards the Grose River.  The principal 
area of archaeological features identified by the DM starts at the high fork in the ridge (Dawes-Linden) 
and runs northeast for approximately three kilometres. 
8.1.5.2  Geology   
Woodford Range and Linden Ridge are in effect one ridge which forms a 30 kilometre north-south 
divide roughly along the Tomah Monocline.  The association with the monocline means that like the 
southern Woodford Range, Linden Ridge marks a distinct east-west boundary.  The boundary is not as 
distinctive as that of the Woodford Range, but the ruggedness of the Kolonga Labyrinth (northwest) 
and the Woodford Creek catchment (west) accent the topographic interpretation of a boundary.   
The Woodford Range-Linden Ridge combination marks the principal western limit of large 
expanses of Hawkesbury Sandstone (Figure 8).  Linden Ridge itself is capped by open expanses of 
Hawkesbury Sandstone, particularly at the highest points, and lithic Narrabeen Group Sandstone in the 
slopes and more interbedded claystone in the creek beds.  In terms of subsistence and access to raw 
materials, Linden Ridge is basically the last stop moving west. 
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Figure 60:  Map of Linden Ridge and Lake Woodford north of Linden. 
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8.1.5.3  Material Culture   
Linden Ridge has been sporadically surveyed, like the Woodford Range, with the result being multiple 
records of few areas.  McCarthy (n.d.), Sim (1960), Jelinek (1977) among others all record rock 
engravings and grinding grooves for Linden Ridge at the junction with Dawes Ridge.  For the uncritical 
analysis the multiple records give the impression of more activity than is actually known on the ridge.  
Only three principal engraving sites are recorded, two at the fork with Dawes Ridge (LD1 SI, LD2 SII) 
and one at the distant north end of Linden Ridge (LD3 SIII).  
The main engraving site (Series I, LD1 S1) (gazetted in various forms five times in NPWS 
records) is just past the fork in the fire trail on the north side.  The site comprises of six echidna-like 
figures, one with triple outline, one roo track and two sets of bird tracks and one indeterminate motif.  
The second series (Series II, LD2 SII) lies to the south east and comprises four distinct whole figures 
of: turkey/emu, human, kangaroo, snake and one indeterminate motif.  The engraving site (Series III, 
LD3 SIII) at the northern end of the ridge, over 10 kilometres away has two sets of bird tracks and five 
whole figures: turkey/emu, a well defined human, three kangaroos.  (Two additional less prominent 
engraving sites are recorded and possibly relate to LD3 SIII: one unverified and indeterminate figure 
LD238 SIII? is likely to be a partial recording of the LD3 SIII assemblage, and one small series of four 
roo tracks LD50). 
Limited numbers of linear axe grinding grooves sets are found in proximity to the engravings 
at the southern junction, but not actually on site (SI, SII).  Grinding grooves in the general area (>1000 
m from the engravings) are of mixed depth and structure (e.g. LD22, 22A).  The bulk of axe grinding 
grooves occur along a trail connecting the engravings at the Dawes Ridge fork with the Woodford Lake 
pumphouse.  No grooves are recorded in association with shelter sites; and few were noted in 
subsequent surveys.  In contrast various site classes (including the Series III engravings) at the northern 
end of the ridges (Dawes and Linden) and southern end (Kings Cave) have deep/clustered grinding 
grooves in direct proximity. 
Shelter sites with limited deposit and a surprisingly high frequency of hand stencils are 
recorded on the west and eastern slopes of the junction between Woodford Creek and Bulls Creek, now 
the site of the Woodford Lake pumphouse.  As much of the low lying area along the heads of the creek 
are now flooded, only the slightly more elevated shelter sites are likely to have survived (statistically 
these are stencil sites).  Four hand stencil shelters are recorded (McCarthy n.d. and Jelinek 1977); on 
the western slope of Woodford Lake: black hand cave (LW3) is the most elevated just below the ridge 
northwest of dam; a shelter with a single red hand stencil (with forearm) is located on the southern 
portion of the northern end of a minor ridge which makes up the west bank (LW5); on the eastern slope 
(Linden Ridge) six white hand stencils are located about 30 m up from the present level of the creek 
(LW2); about a kilometre to the north of the dam is a shelter with yellow hand stencils (LW6 M2).  
Lithics are mentioned only briefly with the implication of few if any implements and a scattering of 
amorphous flakes (principally quartz and some chert).  The yellow hand stencil site is reported by 
McCarthy (n.d.) to have indeterminate charcoal drawing but this is unverified.  A large shelter (LW7 
M3) is recorded by McCarthy (n.d.) at the northern end of Dawes Ridge (c. 6km from the pump house) 
with heterogeneous figurative charcoal and ochre drawings. 
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8.1.5.4  Survey   
The Linden Ridge archaeological record is most confusing not only because of multiple recordings (all 
slightly different in detail and location information, e.g., imperial vs. metric and different map scales) 
but also for the abundant amateur recordings.  Unfortunately most amateur records are not reliable or 
simply wrong.  Only previously recorded information for Linden Ridge which could be provenienced 
was utilised in the BMNP Project data matrix. 
The principal survey of Linden Ridge, Dawes Ridge, and the Lake Woodford area was 
conducted over a two and a half day period (weather shortened) by a three person crew (principal: July 
1998; author prelim. January 1998; two person, single day follow-up: June 2000).  The aim of the 
survey was to investigate the marginal areas in proximity to previously recorded sites to establish a 
clearer picture of the spread of archaeological features.  The area is visited relatively often by 
bushwalkers, the most obvious tracks and rock shelters showed signs of damage (graffiti, recently 
smoked overhangs) and are likely to have been heavily collected over the years. 
In the area between Lake Woodford and the engravings (LD1 Series I, LD2 Series II) small 
clusters of linear and shallow axe grinding grooves were found on open expanses of sandstone.  Prime 
areas included: tracks heading south from the engravings towards the main ridge and Woodford Lake 
(LD20-22), along the first 300 m of Dawes Ridge (LD29) and along the first 1000 m of Linden Ridge 
moving north after the engravings (LD27).  Potential shelter sites yielded no identifiable surface 
deposit.  No definite open deposits were recorded in proximity to the engravings. 
Three shelters around Lake Woodford contained surface deposit but no pigment art.  The two 
(LW22, 22A) on the western slope about 1500 m after the ford coming in from Clear View Parade 
contain quartz flakes and silcrete flakes (<15 in total), one with a bipolar quartz core and two flakes of 
basalt.  Another relatively rich shelter site (LW23) near the yellow stencil shelter (LW6 M2, McCarthy 
n.d.) contained 17 quartz, chert, and silcrete flakes and two red jasper microliths.  The site had 
obviously been recently visited (beer cans in the shelter) so any obvious implements such as points 
may have been collected.99 
The majority of the survey actually concentrated on the more distant parts of the ridges not 
identified by the DM and is not reviewed here.  Very few archaeological features are found between the 
junction of the ridges (the engravings) and the ends of the ridges, each of which contains a large 
pigment art shelter (Dawes) or a significant engraving site (Linden).  This indicates the ends of the 
ridges were the focal points for activity and the tracks in between were principally transit areas. 
8.1.5.5  Discussion   
At the macro level of analysis the area around Springwood and Valley Heights, roughly 12-15 
kilometres east along the main ridge from Series I (LD1 SI) engravings, displays a greater density and 
frequency of archaeological features than does Linden Ridge.  The more heavily used areas are 
consistent with the (ESP) model of optimal subsistence behaviour in the mountains.100  The area around 
Kings Caves (D1) (Linden), with its eight white hand stencils, marks where Linden ridge branches off 
the main ridge (Caleys Repulse).  Archaeological features leading up to Kings Cave along the main 
                                                          
99 A minor shelter (LD5) and charcoal art (light scratchings?) shelter (LD25) are noted by McCarthy (n.d.) south of the 
engravings (LD2 SII) but these are correctly located at LW23. 
100 See Stockton (1970, 1993) and Brayshaw and Haglund (1995, 1995a) for the area around Springwood, and see Cameron 
(1990) and Gallard (n.d.) for the area around Valley Heights. 
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ridge (GW Highway), slowly decrease after Springwood and do not increase significantly until 
Woodford. 
It appears from current survey results and previously recorded information that the Lake 
Woodford and the Linden engravings were targeted activity areas rather than a clinal product in 
themselves.  The overall distribution of occupational materials indicates that people passed through a 
physical or perceptual threshold along the main ridge, marking a change in activity upon nearing the 
Linden Ridge; the threshold continuing for the first few kilometres of the Linden Ridge.  The resulting 
activities on Linden Ridge, and their spatial relationships beyond this threshold do not indicate a simple 
resumption of mundane activity as they do along the main ridge at Woodford and Hazelbrook.  The 
material record has a more structured relationship.  People sought out the Lake Woodford - Linden 
Ridge area, leaping over intermediate areas, rather than simply expanding into it. 
The Lake Woodford and Linden engraving areas (LD1 SI. LD2 SII) exhibit: 1) a formal 
structure of spaces between archaeological material, and 2) a limited array of relatively select 
archaeological features.  The shelter sites, principally located between 2–3 kilometres south from the 
engravings, do not overlap into the engravings and grinding grooves (unlike the satellite sites of 
Faulconbridge: F3-4, M7-8).  Likewise the linear groupings of axe grinding grooves are found in 
proximity (1000 m) to the engravings rather than clustered around them (as with F3-4, M7-8).   
The clinal arrangement of grinding grooves is consistent with a concentric model with the 
engravings at the centre.  This concentric effect, where grinding increases outside the centre and then 
slowly increases outward only to contract again around the periphery is similar to the Bora Ground on 
the Woodford Range.  It appears that activity along the ridge and around the lake was formally focused, 
with different activities in distinctly different spatial areas with little if any overlap. 
The relatively frequent occurrence of stencils in the shelters around Lake Woodford and at 
Kings Cave is also interesting.  The MCA illustrated the likelihood that stencils in the region were 
located near junctures of change in artistic technique and related variation in archaeological features.  
Heterogeneous pigment art and associated subsistence features give way to more homogeneous 
engraved art and associated liminal features.  The frequent occurrence of stencils leading up to the 
engravings on Linden Ridge indicate this matrix effect may be a real spatial phenomena.  The 
frequency increase of stencils (>20% of the regional total) and the virtual non existence of 
heterogeneous pigment art are further indications of a threshold (marking a significant activity change) 
leading up to the Linden Ridge/ Dawes Ridge junction. 
The limited array of lithics from the lake shelters in comparison to Lawson Ridge and the 
Springwood area also reinforce the notion of selective or at least occasional use.  The limited 
distribution of lithics on the ridge also indicates a more restrictive arrangement of activity.  Even if 
more dense and varied domestic lithic materials were in the area (perhaps submerged or collected), 
which I think is likely, this would not necessarily undermine the ridge’s liminal structure as long as 
they maintained the relatively formal spatial structure. 
Linden Ridge exhibits a graduated spatial ordering of archaeological features.  The features 
themselves are indicators of liminality and correlate well with the indicators of sacred spatial 
behaviour.  Both the macro and micro spatial distribution of archaeological features indicates 
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thresholds of activity leading towards a specific place.  The topographic distribution of archaeological 
features suggest a clear focusing of attention towards the engravings and accompanying open 
platforms.  The iconography is both abstract and repetitive and fairly limited in motif selection 
indicating a transference of a probable conservative message.   In short I think Linden Ridge was 
strongly associated with religious behaviour.  
8.2  Interim Summary 
Many places in the Blue Mountains are liminal in one way or another.  Some places are topographically 
selective, some are selective in terms of site/artefact associations and some are simply rare or isolated.  
All these attributes give the impression of a non-mundane archaeological history.  Only slightly more 
than 10% of the matrix actually exhibits the identifiable graduated spatial distribution and selection 
related to sacred spatial behaviour.  Some places may have been sacred at some point in the past but 
have not been repeatedly used in the formal manner prescribed by the model of sacred behaviour.  
Since archaeological identification of sacred behaviour is based, as is all archaeological interpretation, 
on probabilities, it does not mean that other places are not sacred, only that the archaeology is 
inadequate or unlikely to come to that conclusion.  Belief is an altogether separate issue. 
 In very general terms, people were doing things differently at the DM selected locales, 
contrasting with the regional norm: there is a pattern in the way materials were being used, a formulaic 
pattern in the distribution of material, and a trend for selective (liminal) materials and geography 
combined with selective associations between materials and geography.  It is not just unusual 
arrangements of archaeological features, rather what the analysis is showings is a specific (DM) 
unusual association of archaeological and environmental features replicated in a specific way at 
specific places. 
 The distance matrix shows how places within the region relate in spatial structure.  It allows a 
modelling of behaviour and then a critical examination of the results.  It has identified at least four 
areas whose related material structure has a high probability of resulting from religious behaviour:  Hat 
Hill, Pinnacles, Woodford Range, Linden Ridge.  The following two parts of this chapter discuss the 
implications of this finding in general, regional, and specific terms, but here the basic nature of the 
relationship shared by these four areas is summarised:   
1. A graduated spatial relationship between archaeological features is often facilitated by 
highly selective natural features.  This indicates a formal, restricted, relationship between 
archaeological features, and a specifically targeted and not clinal spatial relationship 
between archaeological features at both the macro and micro scales. 
 
2. Both natural (topographic) and archaeological features indicate a focusing of attention to 
a specific portion of the identified place. 
 
3. The distribution of archaeological features indicates an increase (from the norm) in the 
formal separation of activities showing an inverse connection between sites.  What this 
‘inverse’ means is that: complimentary assemblages exist between proximate sites which 
contain different arrays of features (grinding in one, none in the other, points in one, none 
in the other, principally large flakes on one, small flakes in the others, etc) rather than a 
more general clinal distribution where activities drop off in intensity between sites. 
 
4. Iconography is both repetitious and formally structured (homogeneous) indicating a high 
probability of the transfer of a conservative message. 
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Part II  General Distributional Assessment 
8.3  BMNP Distributions 
Part II is a brief summary of the general distribution of archaeological sites in the BMNP Project 
region.  The distribution of Bondaian Period sites roughly parallels modern settlement although 
Aboriginal occupation spreads along the main ridges and into headvalleys more than current 
occupation (which is limited by the national park boundaries).  The main east west access route, the 
Great Western Highway, exhibits the highest artefact frequency and density.  Densities decrease as one 
moves west, significantly so past Springwood.  Extended analysis of regions outside the BMNP region 
indicate two probable sources of people occupying the study region.101 
 
8.3.1  East BMNP  
Frequencies and densities of archaeological material indicate that the major push (principal source of 
occupation) into the mountains came along a wide front (20 kilometres) along the Nepean River and 
culminated at Lawson Ridge after which only the narrow highway corridor is significant.  These 
movements are probably related to occupation on the Cumberland Plain (cf. Kohen 1986) as the 
Nepean and Lower Mountains would have offered specialised resource and social opportunities.  The 
combination of dramatic and useful geology contrasts sharply with the eastern plain’s monotone nature.  
Major access points into the Blue Mountains occur at natural breaks between faults, where tributary 
creeks cut through the Lapstone Monocline (Hawkesbury Road and Great Western Highway).  
Between Emu Plains and the Grose/Nepean River intersection, the slope is relatively gentle between 
the monocline and the fault line, in effect creating a large pass into the mountains.  South of Emu 
Plains the monocline and faults are east of the Nepean and the slopes west of the river are significantly 
more harsh.   
The archaeology reflects these topographic variations and this section outlines two eastern 
incursions: Northern(e) and Southern(e) (Figure 61). (The letter in parentheses indicates the origin of 
the incursion, ‘e’ for east.) 
The Northern(e) incursion occurs roughly between Emu Plains and the Grose/Nepean River 
intersection principally at breaks in the Yellow Rock Fault.  This incursion is associated with higher 
                                                          
101North and South    In comparison to the eastern and western incursions, northern and southern incursions are much less 
probable.  The Northern(n) area east of Mt. Tomah and North of Bells Line of Road (Wollemi National Park) has few recorded 
archaeological features.  This is also true of the main interconnecting ridge (Bells Line of Road).  Although more use of this area 
is likely than is currently recorded, its probable focus is 10-15 kilometres further east of the Lapstone Monocline along the 
Nepean River and connecting Hawkesbury River.  The Nepean and Lapstone Monocline run parallel until the Grose River 
intersection after which the Nepean veers strongly east leaving the monocline to continue north.   
A series of faults, step slopes and a large expanse of shale at the eastern edge of the Northern(n) area means that 
movement off the Cumberland Plain would logically focus south or north rather than west.  Access into the mountains is much 
easier along the gentle sloping gap in the south between the Grose River and Emu Plains and similar resources are available just 
north and east on the more accessible Hornsby Plateau (Hawkesbury River area).  Movement into the Blue Mountains from the 
North (east) is marginal at best.  The heavy undercutting in the Grose River Valley makes movement south into the study area 
unlikely.  
The Southern(s) area around the Coxs River is outside of the study region as it is likely to relate to areas further west 
and south (Barrallier 1802; Brayshaw 1989a).  Of principal importance is the likelihood of Southern(s) movement up along the 
Kings Tableland or Kedumba Valley into the study region.  Light density and low frequency of sites along this corridor indicate 
transitory use, whereas the bulk of occupation is south along the Cox River Valley.  Southern(s) incursions outside of this 
corridor are unlikely as the topography east (Blue Labyrinth) and west (Perdition Maze) is quite rugged.  Stockton (1993a:31) 
tentatively assumes a connection between the west and south, but this project found no evidence to support this assumption.  The 
Cox River Valley is likely to be a separate territorial region with only limited interaction with the northern Upper and Central 
Blue Mountains. 
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frequencies of Multidimensional site classes (domestic residential) and associated support sites 
(foraging camps and satellite camps).  Relatively large complexes of sites occur within easy access of 
the main ridges at the head of gently sloping gullies where resources and accessibility are maximised. 
The Southern(e) incursion, south off Emu Plains (south of the highway), principally relates to breaks in 
the Glenbrook Fault (Glenbrook Creek and Fern Glen) and displays a high proportion of open deposits, 
Unidimensional/Transit classes, stone arrangements, grinding grooves and rock-art. 
Along the Northern(e) portion, the area around the Nepean seems to relate more towards 
seasonal or specialised resource activity.  Activities are increasingly repetitive at particular locations 
with an increase in assemblage homogeneity.  These sites are likely to be related to intermittent but 
repeated use for resource gathering (hunting, picnic) and transit activities.  The residential base for 
these sites is most likely the Cumberland Plain.  The residential sites deeper in the mountains around 
Valley Heights and  Springwood were probably occupied permanently (cf. Stockton 1993b).  There is a 
complex mix in the archaeological features and repetition in the way places were being used.  Lithic 
assemblages are generalised, relatively frequent and dense; camp geography is strongly related to 
subsistence, grinding grooves are deep clusters found in proximity to Multidimensional sites or large 
clusters near primary resources (workshop sites), rock-art is principally naturalistic engravings and 
heterogeneous pigment art.  The resource base for these sites is likely to extend north along the 
principal ridges and seasonally west into the Central Mountains along the current highway (e.g., 
Lawson Ridge). 
This Northern(e) area represents a continuum of subsistence occupation extending from the 
residential centres in the plain and lower mountains.  These residential centres are surrounded by a 
mixture of seasonal, mobile residential, camps and logistical satellite camps.  The focus of the 
residence shifts along the continuum and the whole process begins anew, that is, a satellite camp 
becomes the new permanent residential centre.102  The western edge of the Northern(e) incursion seems 
to relate strongly with the substantial decrease in Hawkesbury Sandstone between Linden Ridge and 
Lawson Ridge.  Northern(e) iconographic behaviour drops off sharply along with suitable sandstone 
after Linden Ridge and the Tomah Monocline.  This natural boundary is likely to represent some sort of 
territorial limit as indicated by the clinal variation in archaeological features leading up to the ridge 
from the east.  There are few probable residential centres beyond Linden Ridge.  Combined with an 
increased homogeneity and selectivity of art (increased use of stencils and abstract engravings), the 
ridge is also likely to represent some sort of boundary maintenance activity (cf. McDonald 1994, 
2000a).  However, the practical range, meaning the actual feasible limit of resource gathering extends 
to the very limit of the Hawkesbury Sandstone along Lawson Ridge.  Well defined territorial limits and 
larger, less well defined, resource ranges are common in Aboriginal ethnography (e.g. Elkin 1973; 
Mathews 1898d, g, 1900a, 1908b; Stanner 1965a; Strehlow 1947).  Your property stops at the 
boundary, but you can use the neighbours’ when you need to. 
                                                          
102 The subsistence continuum follows the ‘within and between’ site variability outlined by Binford (1982:11–14). 
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Figure 61:  Map of the BMNP region’s general distributional assessment with principal eastern 
and western movements (the dotted lines with larger arrows indicate principally logistic 
movements, the solid lines with small arrows indicate more residential movements).
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The Southern(e) portion around the Nepean is also generally seasonal (residential mobile) or 
comprises logistical camps, most likely related to the eastern residential camps coming off the plain.  
However the interior, the Blue Labyrinth, southwest of Glenbrook Creek represents a large, continuous 
logistic range with no evidence of sedentary behaviour as in the north. The focus in the Southern(e) 
area is structured towards movement and temporary, selective activities.  For example the exploitation 
of remote diatremes (e.g. Tobys Glen, Woodford Range) indicates moderate logistical camps where a 
resource was exploited for a short time during which ‘maintenance accommodation’ supported the 
logistic task group (cf. Binford 1982:7). 
The nature of the Southern(e) geography (e.g. Glenbrook Valley) makes it unlikely that the 
area is linked to the principal Northern(e) residential camps around Springwood and Valley Heights; 
instead I think it indicates a rolling specialised/seasonal activity penetrating from the east, especially 
around Fern Glen/Euroka Clearing.  People east of the Lapstone Monocline and south of the township 
of Lapstone were likely to have utilised the Southern(e) area for its combination of select resources 
(alluvial deposits and lush diatremes).  The territorial limit is likely to have been the Woodford Range 
(part of the extended Linden-Woodford Range) which is dissected in the north and bounded in the 
south and west by major creeks and faults (e.g., Bedford Creek/Fault).  Again there is evidence of 
boundary maintenance, similar to the northern sister ridge at Linden.  Here rock-art motifs are 
homogeneous and lithic assemblages are increasingly selective and graduated in distribution, especially 
at Goonaroi Junction and the Woodford Bora Ground.  
 
8.3.2  West BMNP 
The distribution and frequency of archaeological features in the west are significantly less than in the 
east. They also indicate a two pronged push, possibly originating in the Kanimbla Valley.  The 
Northern(w) push is along the Bells Line of Road in the north and the Southern(w) push drives towards 
the Blackheath Plateau (Figure 61).  The character of both prongs is less residential than the eastern 
incursions and more related to resource exploitation (cf. Johnson 1979:30).  Movements were probably 
seasonal.  Travel routes, like those in the east, are via interconnecting ridges.  Principal occupational 
deposits relate to these access routes.  Densities generally decrease as occupation moves towards the 
Bodington Monocline.  Grinding grooves account for almost 50% of sites in the west, which is a 
dramatic increase over the western plain abutting the mountain where less than 9% of sites have 
grinding grooves. 
The Northern(w) incursion primarily relates to the rare exposure of Hawkesbury Sandstone 
(used for axe maintenance e.g., Mt. Banks, Mt. Wilson).  Evidence of sustained occupation is rare, 
distances between transitory sites are high, and the deep clusters of numerous grinding grooves at 
specific locations allude to the specific exploitation of an important resource.  Data about the quarrying 
of axe blanks at elevated locations is inconclusive.  The limited occupation around Mt. Wilson was 
seasonal. 
The Southern(w) prong seems to gravitate towards the area around the Grand Canyon with 
extensions towards Hat Hill and the Pinnacles.  Dramatic benching in the canyon exposes quality lithic 
material (especially cherts) and the rare exposure of Hawkesbury Sandstone on the Blackheath Plateau 
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and Mt Hay Range (Pinnacles) are also valuable resources.  Occupation sites generally indicate 
specialised logistic camps and related residential support (cf. Johnson 1979:30).  Western sites are 
certainly less dense than their eastern counterparts, although recent surveys for this project have 
revealed a site frequency which is greater than normally recognised (see Stockton 1993b:61–62).  
However, there is no evidence of large site complexes on the plateau.  The Bodington Monocline 
conveniently marks the principal eastern limit of the western incursions. 
The predominance of bird track motifs in the western art assemblages and roo track motifs in 
the eastern assemblages marks a separation between the two sides of the mountains.  The bird track 
engravings (e.g. Hat Hill) visually relate strongly to basalt cap peaks which replace the eastern ridges 
as the most dominant boundary markers.  The natural focus of sites in the Upper Mountains runs north-
south (the result of a series of anticlines and synclines Figure 8) rather than the east-west movement 
characteristic of the Central and Lower Mountains.  The rare, vertical engraved bird tracks at the Caves 
Hotel and Kings Table are difficult to place but are intriguingly located at possible extreme edges of 
the western push and are similar to horizontal engraved tracks in the west and charcoal drawings found 
along the western edge of the Blackheath plateau (vertical bird tracks are engraved on the back wall of 
a shelter at Mt. Horne to the north west, none are found in the east).  Again, assuming the 
homogeneous art and associated graduated associations of lithics indicate boundary maintenance it is 
likely that the southern edge of the Grose Valley (Hat Hill wrapping to the Pinnacles) represents a 
western boundary. 
 
8.3.3  Summary   
The edges of the Blue Mountains are associated with seasonal foraging and logistic activities whose 
principal residential base camps lie outside of the mountains.  People living on the fringes of the 
mountains undoubtedly exploited mountainous resources (alluvial deposits, Hawkesbury Sandstone, 
seasonal ecology).  The eastern incursions are more dominant because the initial resource base, the 
Nepean, lies at the foot of the mountains and the climate is more favourable and therefore the Nepean 
is likely to draw/support a larger population.  The resources on the Western Plain are more diffuse than 
those in the eastern plains (spread around the plain rather than bunched at the base of the mountains) 
with only select resources in limited quantities, combined with the harsher western mountain climate 
(colder dyer, windier).  This indicates the likely cause of the more specialised nature (exploitation of 
specific rather than general resources) which characterise western incursions (e.g. grinding, quarrying, 
possible ceremonial activity).  For the most part, the BMNP region seems to be a seasonal/intermittent 
resource base, with some permanent occupation, especially in the Northern(e) area and the region 
exhibits a combination of select, logistical activity (e.g., graduated activity) with select topographic 
locations (e.g., diatremes) and/or clinally distributed rock-art (e.g., homogeneous engravings). 
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Part III  New Insights 
This thesis worked towards the establishment of a theoretical basis for the archaeological recognition of 
religion, and the construction of a model for identifying religious behaviour in material culture.  On the 
way the thesis has generated an enhanced understanding of the material culture and past behaviour in 
the BMNP.  The work has produced definitions and methods so that archaeology can now go much 
further than heretofore.  This part of chapter 8 discusses some of the new insights and future directions 
associated with a ceremonial identification of BMNP cultural material.  In order to demonstrate some 
of the possibilities, this part shows how religious interpretations of spatial behaviour could be applied 
to the BMNP and the sorts of insights that could find evidence in such an application.  Future research 
could examine these insights in greater detail. 
8.4  BMNP Landscape   
The distribution of sites in the Blue Mountains indicates the way people used the land, but an analysis 
of the relationships between sites/features (such as the DM selected places) indicates the way people 
perceived their landscape.  Various economic reasons explain much of the site distributions in the Blue 
Mountains (ESP), but they do not indicate how these distributions were influenced by cultural factors.  
There is considerable debate over how religious activities may have restricted/influenced the use of 
parts of the mountains (e.g., Bowdler 1981; Lennon 1983; McCarthy 1964; McDonald 2000a; 
McIntyre 1990; Johnson 1979; Stockton 1970, 1993).  In the absence of any direct ethnography, this 
thesis constructed a formal model of religious spatial behaviour with the aim of identifying places 
which served a religious role in the organisation of Aboriginal sites within the mountains.  This 
approach has identified five such places: in the east Goonaroi Junction, Woodford Bora Ground 
(WBG), and the Linden Ridge Junction; in the west Hat Hill and the Pinnacles.  What information do 
these places offer about material culture and spatial organisation within the Blue Mountains? 
 
8.4.1  Ceremonial Grounds 
Perhaps the best place to begin is Stockton’s (1993c:69) compelling speculation that the Central Blue 
Mountains103 was some sort of ‘inter-tribal ceremonial ground’ with a secret sacred area along the 
Woodford – Linden ridge line.  Three of the five ceremonial grounds identified in this thesis are located 
there.  Stockton’s assessment was designed to be provocative, to spur future research in a region he was 
particularly attached to.  Underlying his insightful but loose generalisations there are apparent grains of 
the complexity he liberally applies.  For instance, numerous studies conducted in the mountains over 
the years recognised site type and distributional anomalies most readily interpreted as indications of 
ceremonial behaviour (Hunt 1997; Gallard n.d.; Gaul 1984; McCarthy 1942-4; Johnson 1979; Sim 
1959; Towle 1940).  It is not currently possible to tell the difference between eastern and western lithic 
assemblages within the mountains, for tool kits are identical.  Thus it is only through the analysis of the 
spatial relationships of features (e.g., Witter 2000) and select visual characteristics of rock-art 
(McDonald 2000a) that archaeologists can tell if inter-tribal gatherings took place.  Not surprisingly, 
                                                          
103 The Central Blue Mountains is bounded by four creeks: in the north Wentworth and Linden Creeks; in the south Bedford and 
Glenbrook Creeks (Figure 61). 
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this thesis found that Stockton’s model was too generous in its partitioning of sacred space.  There is 
not a large sacred void (after Parkin 1991) in the Blue Mountains, no inter-tribal no-man’s-land.  What 
is archaeologically apparent are an identifiable smattering of special places, which represent sacred 
nodes rather than a general zone (cf. de Polignac 1995:9–12).  People were using select places for 
ceremonial-like (liminal) activities but no evidence suggests large sections of the Blue Mountain (such 
as the Central Mountains)  were representative of behaviour in contrast with the region’s normal range.  
Special places are spread around the mountains but there is no convenient sacred void. 
 
8.4.1.1  Ceremonial Centres and Places   
Ceremonial grounds are a special kind of place.  Not every sacred site is the same, just as not every 
domestic site is the same.  Two different scales of ceremonial behaviour are identified: centre and 
place.  Each scale leaves a different archaeological signature although they are structurally similar.  
The distinction is important because it offers clues as to trends for the general organisation of the 
region.  This section outline the essentials.  Future research could look more closely at the specific 
working relationship of ceremonial sites. 
Ceremonial centres are the locations of large group or inter-group gatherings.  They are well 
organised and exhibit several levels of spatial divisions: tribal divisions, activity divisions, labour 
divisions, participation divisions.  Inter-tribal ceremonial centres are also likely to be tribally 
partitioned; for example, a western tribe will camp west and an eastern tribe camp east (e.g. Mathews 
1894c, 1896a; Stanner 1965a; Strehlow 1970).  The supporting camp grounds (see sections 3.3.2.2.1) 
result in a specifically focused camp structure, so the camp contains the bulk of the depositional 
episodes but the occupation is segregated into activity areas (section 7.1 distance matrix; also Berndt 
1969:42, 1974:11; Witter 2000:14).  The long duration of inter-tribal gatherings (intensive periods of 
occupation, e.g. 2–6 weeks, occurring periodically over many years, e.g., generations/centuries) (e.g., 
Berndt 1969; Collins 1910[1804]:311; Mathews 1897c, f:1–2; Mathews and Everitt 1900:276) 
generates a residential style spatially partitioned occupational deposit (section 7.1.1).  Due to their 
relatively large scale, ceremonial centres are the most likely level of religious behaviour to be 
archaeologically visible.  When different groups of people come together for a formal occasion they 
make their own camps, relative to themselves and their country, they break up activities in accordance 
with the rules of the occasion, perhaps initiated men forming one group, women and children another, 
new initiates a third, and these are all spatially related to the other tribes present and the ceremonial 
focus point which may be adjacent to the domestic camp (cf. Witter  2000:14). 
Ceremonial places and incidental ceremonial activity locations are smaller in scale and more 
representative of a highly formalised variant of the logistical support structure.  Logistical support 
structures are small scale domestic camps, designed to provide domestic support for logistic task 
parties (cf. Binford 1982).  The ceremonial variation on this equates to a small scale and unidirectional 
graduation in the distribution of depositional episodes (see DM Algorithm Model, Figure 53).  
Ceremonial place gatherings are therefore similar to ceremonial centre gatherings, but the focus is less 
on the camp activity (the extended ritual ground) and more in direct alignment with the ceremonial 
focus point (such as a shrine).  Archaeologists should expect ceremonial places to show a concentration 
of activity at the ritual focus point and less on the support camp. 
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Of the three ceremonial grounds located on the Woodford – Linden ridge line only the Linden 
Ridge ceremonial ground is a strong contender as an inter-tribal ceremonial centre.  The close 
proximity to the main east-west ridgeline (Great Western Highway) and the location of selectively 
assembled western and eastern bank shelter sites around Lake Woodford and Woodford Creek mark an 
accessible and functional inter-tribal centre (section 8.1.5.5). 
The engravings at the junction at Dawes and Linden Ridges contain both the simple figurative 
motifs characteristic of the Sydney Basin and the three-toed bird track motifs characteristic of the 
western incursion.  Moreover, the type and distribution of rock-art motifs at the junction indicates some 
boundary related activity, and the homogeneous and formal nature of the engravings (cf. Sim 1959) is 
likely to relate to inter-tribal group/ceremonial activity (cf. McDonald 1994:350, 2000a:61). 
In an earlier interpretation (section 8.3.1) the ridge was placed within the extended range 
associated with eastern occupation (cf. Stockton 1970).  Yet if Linden Ridge operated as an inter-tribal 
ceremonial centre, it is likely that Lawson Ridge supported both western and eastern tribes, western 
tribes during ceremonies and eastern tribes during extended resource gathering.  Although beyond this 
thesis, a more detailed look at Lawson Ridge may prove interesting. 
The remaining ceremonial grounds can all be classified as ceremonial places (Hat Hill, 
Pinnacles, Goonaroi, WBG).  The scale of identified support activity is logistical more than residential, 
surface assemblages are spatially uni-directional.  Only the WBG shows some sign of bi-directionality, 
yet the approach patterns are decidedly from the east which indicates a likely single tribal use of the 
platform.  For instance, the pigment art south of the rock platform exhibits looped motifs similar to 
those at Red Hands cave and the two-toed (roo?) track engravings at Goonaroi to the north are related 
stylistically to the east more than west. 
 
8.4.1.2  Ceremonial Places in the BMNP   
So what does this mean?  The findings of this thesis point to two distinctions in the archaeological 
record.  Newly identified sacred places in the Blue Mountains seem to indicate a different cosmology 
between people in the west and east.  The west shows evidence of stronger individual single-client-at-a-
time places like shrines, and the east shows evidence of group oriented multiple-consumer-at-one-time 
places such as temples.104 -105 
Starting in the west, much iconographic and ceremonial activity was focused towards the 
basalt peaks.  These peaks are geologically and aesthetically feature points in the landscape.  For 
people coming in from the west, they represent the ultimate source of an important raw material.  Axe 
heads made of basalt are curated, individual, highly crafted, and heavily traded implements.  The 
source of these materials, whether conceptual or real, is likely to be a socially powerful place.  As 
Bloch (1971:105–137) has concluded, remote places which are rarely visited but furnish practical 
advantages, key rituals, or other knowledge for a culture are thought to maintain a continual sacred 
existence which relates to a knowledge that is inherently less accessible but presumed to exist at the 
                                                          
104 Shrines are sanctified places where individual ritual acts are performed, temples are places where groups perform a singular 
ritual. 
105 This section uses culturally specific terms such as shrines, temples, pilgrims, worship, prayer, enlightenment which may seem 
at odds with general Australian ethnography.  Such culturally specific terms should be thought of as expressing generalised 
concepts only, as is the flavour of this thesis.  Neutral terms are best but there are none so this thesis uses the best 
approximations. 
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sacred place (e.g. archaeology: de Polignac 1994:11; Townsend 1991:26–27; Taçon 1991).  
Ceremonies and activities performed in relation to such places are likely to be a dynamic combination 
of social perceptions (e.g., proximity/orientation to the peaks) and social actions (e.g. homogeneous 
rock-art, graduated camp organisation).  Archaeologists know that ground-edge axes were important in  
extensive trade/social networks (McBryde 1974:339).  And from the above discussion, it is likely that 
ceremonial places (Hat Hill, Pinnacles) are located in relation to basalt geologic features.  The 
ceremonial places indicate the religious rituals performed in these selective western locations refers to 
an ontogenesis more than a cosmology.106  It refers to individual enlightenment/empowerment, not a 
collective universe (cf. Myers 1986:152–155).  The locations are remote, relatively small scale, and 
constructed of amalgamated individual sets, that is very small scale and dispersed depositional episodes 
(single-client-at-a-time places).  Rather than moving towards these sacred places the archaeology of the 
western portion of the mountains seems to indicate the principal movements are away (cf. de 
Polignac’s 1994:11–12 and Jost 1994:222–224 assessment of remote Grecian shrines).  There is no 
evidence of a pilgrimage to the sites as there is in the east.  If this inductive reasoning is correct what I 
think I am seeing is a collection of individual responses rather than a group response (cf. Donald 
1998:182–183; Parkin 1991:10–11).  The group drives the action, but the goal is one of individual 
enlightenment/empowerment associated with the place based knowledge, rather than a sociocultural 
goal (e.g., a self reflective prayer rather than a group ritual for the continuation/rejuvenation of a 
resource for the society).  I think western ceremonial places (Hat Hill, Pinnacles) are indicating 
worship at a shrine, rather than the group activity associated with a temple (cf. Peatfield 1992).  
(Section 3.3.1.1.1 outlined how ritual shrines such as those of Jericho and Çatal Hüyük are indicative 
of strongly egalitarian societal elements.)   
In the eastern portion of the BMNP, ceremonial places Goonaroi and WBG are not located in 
alignment with (distinct and nearly empty) topographic features.  They are centred on specialised 
logistic resources, associated with regional order, like diatremes, which favour group logistic support 
(the mixing of several resources) over a unidimensional resource (basalt, Hawkesbury Sandstone).  The 
logistical lead up to the ceremonial places is concentrated in the east (e.g., site distributions in the Blue 
Labyrinth) indicating group over individual movements (multiple-consumer-at-one-time places).  (The 
same places being reoccupied, reused in similar ways, through time indicating a group pattern rather 
than the more likely ephemeral ad hominem occupation.)  In other words the distribution of sites within 
the Blue Labyrinth indicates more of a pilgrimage to a temple than the personal visitation of a sacred 
place (a shrine) (cf. Cole 1994).  The eastern movements show a progressively logistical track from the 
denser deposits in the east out towards the Woodford Range making it a relatively predictable path.  
Moreover, the Southern(e) incursion through the Blue Labyrinth, with its lack of permanent occupation 
but substantial range indicates an area dedicated to travel and not occupation.  The high percentage of 
stone arrangements mark the main routes, making an often confusing area more manageable.  The 
                                                          
106 I find it intriguing that archaeology can offer insights into possible cosmological differences between populations in Australia.  
As Parkin (1991:11) concluded in his analysis of society, the sacred, and space: 
There is a striking cosmological contrast attending the difference between [temples] which attract population 
flows and sacred sites [shrines] which are remembered more than visited.  While the pilgrim [temple] stand out 
as definitive statements of regional … order [BMNP east], the distinct and nearly empty sacred places [BMNP 
west] more hesitatingly evoke questions about a knowledge that is assumed to exist in them but is not always 
accessible. 
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location of occupational deposits at the start/end of ridges indicate known travel times between the 
locations (e.g. Western Ridge, Circles).  And, the use of roo tracks on the range along with the looped 
motifs mark a consistent motif structure which gels with a ceremonial interpretation (section 6.8), thus 
indicating a known belief structure for pilgrims (cf. de Polignac 1994:9–12). 
Instead of funneling their attention towards a specific conceptual vertex, such as a peak (e.g. 
Hat Hill � Mt. Banks), the eastern ceremonial places focus their attention around outer rim platforms.  
(Outer rim platforms are high elevated rock platforms that jut out on ridges which mark the edges of 
efficient transit routes, places associated with a high level of regional order, e.g. Linden-Woodford 
ridgeline.)  In these locations the platform itself (the temple) serves as the focus.  This is decidedly 
unlike western ceremonial places.  The visual and sacred focus points in the east are open areas and in 
the west concentrated points.  In the west ritual acts are located at a place, such as Hat Hill, in the east 
ceremonial places contain the act (e.g., the perimeter of stone arrangements at WBG).  People were 
coming together at eastern ceremonial places to worship at temples, to conduct group ceremonies with 
group participation.  A common example in the ethnography of such a ritual is the Bora initiation 
ceremony, where the individual becomes part of a collective (section 4.7.2.1.1). 
The suggestion is that the Western Plain people were strongly egalitarian, people in the east 
were more group oriented (cf. Parkin 1991).  People in the west acted as groups of individuals and 
people in the east acted as groups.  Ritual knowledge was held within the group and enacted within 
temples in the east, while in the west ritual knowledge was held within the place and accessed by the 
individual.  Although beyond the scope of this thesis, it appears that people were beginning to act as 
one unit instead of as a series of individuals (cf. McDonald 1994:349–352, 2000a:61).  Perhaps 
indicating a differently focused cosmology between the geographically separated people.   
In the Western Plain there is no basin-like geographic phenomenon, the topography is a 
relatively equitable, free flowing plain.  Resources are more diffuse, less pocketed and more distributed 
than that of the basin (spread out around the plain rather than concentrated at a few spots).  Such a 
subsistence backdrop is less inclined to cement individuals into strong group affiliations because there 
is less need for sharing between individuals.  This is consistent with the analysis of religious spatial 
behaviour.  In contrast, the general geologic confines of the Sydney Basin tended to constrain 
interactions within the basin, which should make interactions more likely.  This compares well with 
stylistic assessments of basin rock-art (cf. McDonald 1994; Officer 1992).  Added to this is the 
pocketed distribution of resources around the basin which favours group subsistence over the 
individual.  Resources were plentiful enough for groups to exist with unstrained relationships.  
Seasonal resources also meant that the western basin and the coastal areas complemented each other, 
that is cooperation between coastal and inland people would be mutually beneficial.  Further added to 
this is the progression of time and weight of population increases that generate greater group 
affiliations (in egalitarian peoples) within a confined and interdependent people and the advantage 
moves away from the individual and favours the group.  Just as at Çatal Hüyük and Jericho (section 
3.3.1.1.1) what I think is gradually becoming apparent is a shifting in the sociocultural fabric of the 
Sydney Basin, people are creating a group rather than individual culture.  People are coming together 
because the group seems to be offering a more efficient life structure.  Societies in the Western Plain 
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are more focused on individual principles and less likely to lean toward group sedentary activities than 
those in Sydney Basin. 
In this context the ceremonial centre at Linden Ridge represents not only a meeting of 
different groups but the meeting of groups with different social structures.  The stronger material and 
stylistic nature of (increasingly sedentary) eastern groups is likely to dominate such a meeting.  In 
addition the probable use by the eastern groups of Lawson ridge to the west of Linden Ridge may 
indicate they had a more dominant role in the Blue Mountains.  
Identifying the ceremonial grounds in the Blue Mountains I think allows archaeologists to 
move beyond economic assessments and gain intriguing new insights.  The structuring of ceremonial 
places in the Blue Mountains fits nicely with general archaeological assessments of the Sydney Basin 
and Western Plain.  It allows the uniting of lithic, iconographic, spatial, subsistence, and ceremonial 
behaviour.  A true assessment of social differences between the Sydney Basin and those of the Western 
Plain requires an inter-disciplinary approach that this thesis is unable to provide.  It would need experts 
in sociology, religion, psychology, geology, ethnography, history to come together in a single project.  
This is perhaps something for the future.  I find it fascinating that archaeology is able to touch upon 
issues as complex as is the progression of sociocultural identities, moving from sets of individual 
action to more focused group actions.  Throughout history it seems people are inevitably merging into a 
collective, growing together as they develop similar needs, and no matter their perceived differences, 
they are but one.  
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CHAPTER 9 – Summary: Theory, Model and Analysis 
In the search for the material correlates of religious behaviour this thesis has traversed significant 
amounts of material, grappled with necessarily difficult concepts and waded at times through an 
unavoidable analytical morass.  The nature of the topic required a fairly drawn out approach to obtain a 
testable result.  As archaeologists move towards accepted conventions of vocabulary and methodology 
by which the correlates of sacred behaviour can be discussed it will be possible to eliminate much of 
the step-by-step approach. 
The progression through this thesis closely follows my own exploration and development of 
the idea.  Humans live in a physical world governed by physical laws, concepts generated by humans 
like those of religion should be similarly governed – at least partially.  And as humans live in a material 
world it stands to reason that the use of material objects will at least be partially governed by general 
concepts.  Because of a dynamic link between the physical and the conceptual, by carefully studying 
the way humans use the entire physical world archaeologists study something of human conceptual 
associations.  By highlighting the recurrent material correlates most likely to associate with a specific 
concept (such as religion) it becomes possible to examine religion within greater socioculture. 
Archaeologists know that religion strongly influences culture.  I argue religion is the 
preeminent sociocultural force.  What we need as archaeologists is to understand how religious 
concepts are incorporated into material culture.  This thesis has achieved this insight by identifying the 
mental and material processes that are associated with the religious process.  It has begun to identify 
the psycho-physiological nature of religious concepts in order to distinguish its salient principles.  
From this it has modelled the core material features associated with recurrent religious phenomena, and 
it has developed and applied a statistical approach which targets the material and spatial relationships 
between archaeological features and their context. 
 
9.1  Dyadic Foundation of Religion 
This thesis began with a look at the social scientific placement of religion within the cultural matrix.  
Religion was recognised as a concept dyadic in structure and dynamic in process (chapters 1–2).  
Structurally, religion is simultaneously an independent part of society and a product of society; it 
influences and is influenced by culture.  Religion is intrinsic to culture being both functional and 
structural; it is impossible to fully understand any aspect of a cultural system without understanding the 
interconnective nature of religion.  As Binford (1982:6) stated, ‘to understand the past we must 
understand places.’  And, to understand place archaeologists must understand the forces that contribute 
to cultural organisation.  As seen throughout this thesis religion is intrinsic to how people perceive and 
use space.  
Now that the researchers intimately concerned with the restructuring and identification of past 
religious behaviour have correctly recognised religion as culturally dyadic, the erudite argument 
regarding religion’s place in prehistoric archaeology has shifted from the historical anthropological 
functional-structural battle towards more theoretical and practical methodological issues.  A significant 
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and expanding trend in archaeology has recognised that a comprehension of the interconnective nature 
of religious concepts is basic to the understanding of material behaviour (i.e., economic 
rationalisation), let alone the more purely social behaviour (section 1.2).  The question is what 
constitutes the material features of religion.  
The beginnings of a convention have emerged by which archaeologists identify the material 
correlates of religion.  Renfrew (1985–1998), Levy (1982), Flannery and Marcus (1976–1994), 
Richards and Thomas (1984) and de Polignac (1984–1994) have in particular set out methodologies 
and models for understanding the material aspects of religious behaviour.  A synthesis of these 
approaches was a critical component in the formation of the model in chapter 3.  The synthesis’ main 
objective was to highlight the process underlying general religious behaviour. 
Archaeologists understand the power religious concepts can wield, but they have tended to 
concentrate too hard on the details, the small picture.  Details often allow jazzy interpretation, but by 
ignoring the big picture researchers preclude comparative analysis – especially diachronic comparisons.  
Some religious rituals may be more elaborate than others, but they are all similar at a core level 
(section 3.4).  Aztec human sacrificial rituals and Aboriginal Australian incantations – both performed 
for the rejuvenation of important natural resources – are very different in detail, but in process, such as 
spatial organisation, they are very similar.  Comparative analysis is the crux of archaeological research, 
it is how we understand past material culture.  Only a holistic approach will yield an understanding of 
religious behaviour. 
The relatively recent anthropological understanding that religion is a dyadic structure (Spiro 
1966 – Rappaport 1999) answers important questions in understanding how concepts effect material 
culture, however as the section (8.4 in the previous chapter) on new insights demonstrates, it often 
creates more questions than it solves.  Much of general archaeology has yet to specifically deal with a 
dyadic interpretation of religion, although there is a decided movement in this direction (e.g., Peatfield 
1994; Derks 1998; Gibson and Simpson 1998; Fagan 1998; Renfrew and Scarre 1998).  The realisation 
that religion is structurally dyadic means that there is at some level a core religious process, a causal 
structure, which exists outside society – an almost Platonic form of religion.  So I was left asking, ‘If 
religion is in part an independent cultural process, what causes it?’  The second chapter in this thesis 
tackled this question. 
 
9.2  Causal Foundation of Religion 
Chapter 2 began to examine the causal links between religious concepts and spatial actions, concept 
formation and material culture.  A causal understanding of religion was important because it offered a 
basis for inferring a relationship between the concept of religion and the recurrent features associated 
with religious behaviour.  It offered a foundation modelling the core features of recurrent religious 
phenomena.  It indicates that it is very likely that the persistence of certain phenomena is linked to the 
very nature of religion (Spiro 1966), that is, they form a characteristic core structure (section 3.2).  In a 
simplified theory the material correlates relate to this core structure; identifying them should allow 
archaeologists to identify past religious behaviour (cf. Renfrew 1994a:47–52). 
CHAPTER 9 – Summary: Theory, Model and Analysis 
 
268 
Chapter 2 introduced cognitive religious theory (CRT).  CRT states that religious behaviour is 
constrained by the physical structure of the brain and the conceptual parameters of the mind.  By 
understanding how religion relates to the mind/brain (and vice versa) researchers can begin to 
understand some level of the causality (especially recurrent features) associated with religious 
behaviour.  The heuristic position is that the software (i.e., the beliefs) can vary, but the hardware (i.e., 
the physical and conceptual structures of the brain related to religious behaviour) remain constant.107  A 
system’s characteristics change as the pressures change but the structure of a process (a behaviour) will 
not be affected.  For example, religious rituals are always conducted in accordance with a graduated 
pattern of spatial action regardless of the belief base (cf. Parkin 1992; Rappaport 1999).  The religious 
rituals of Aboriginal Australians, Kenyan Giriamas, Oaxacan Zapotecs, Geometric-Classical 
Argolidians and Peruvian Incas are always represented by a physical separation between the greater 
and lesser degrees of sacredness (section 3.3.1).  
For this reason it is likely that the phenomena of recurrence associated with religious 
behaviour, just like any other behaviour, is best understood in relation to a psycho-physiological 
probability scale (cf. Boyer 1994; Lawson and McCauley 1990).  People are likely to perceive and 
respond in specific ways because the mind/brain, material culture, and space itself (all hardware) are 
structured in specific ways.  Human behaviour is in part constrained by psychological, physiological 
and spatial realities. 
 
9.2.1  CRT Summary 
 
• Brain – Intriguing recent research has shown that not only do people respond similarly to 
generally similar stimuli, but that specific physical parts of the brain actually respond similarly 
to specific concepts.  Regardless of the variables involved (i.e., different belief structure – 
Buddhism, Christianity, etc.) the concept of religion affects the brain in a uniform manner 
(Newberg et al. 2001).  The focusing of attention and alteration in spatial perception are 
related to the activation of religious concepts.  
 
• Mind – The mind is thought of as operating psychologically within specific domains 
where concepts such as religion are created and stationed.  The domains within the mind are 
concept specific, such that like concepts are linked within a domain and different concepts are 
isolated in separate domains.  So certain material ideas and features are more likely than 
others to be associated with religious concepts because they fit better into the religious domain 
than into other domains.  As Mithen (1998:104) succinctly stated, ‘over the long term, 
religious ideas are winnowed, some having greater survival value than others.  Those which 
survive are those which can be anchored in the human mind.’  The graduated classification of 
the sacred and its counter-intuitive assumption base, both associated with the use of liminal 
divisions are strongly linked to recurrent religious phenomena.   
 
• Space – The reality of space itself constrains the concepts humans imbue it with.  
Humans operate in space (as always) through a combination of physical and perceptual reality.  
Hillier and Hanson’s (1984) work shows that all people tend to use differences in space 
similarly because certain natural limits of physical space correspond well with perceptions of 
space.  This could be why certain sacred places get reused in a similar manner even through a 
drastic change in beliefs.  The recognition (replication) of the sacred seems to relate less to 
                                                          
107 Understanding the way the hardware constrains religious behaviour shows how archaeologists might model such behaviour.  
In heuristically selecting aspects of the religious process as hardware I am aware that religion’s dyadic nature means that the 
hardware is in itself more like ‘firmware’ in that it can be altered by outside forces.  But the point of the discussion is that 
because there is resilience and uniformity of certain aspects of the religious process (the hardware) the process itself tends to 
exhibit a pattern in its selection of associations (a selective, even if not a generative, process). 
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time and more to space. This is especially true in Australian Aboriginal ethnography (section 
4.7) where space and not time constitute the religious cosmos.  The projection (objectification) 
of concepts into the physical world as variations in the distribution of material culture should 
permit an archaeological understanding of those concepts.  People respond to differences in 
space by varying their activities.  Archaeologists can measure variation in space along with 
variations in material culture, and so begin to understand past perceptions of space.  Space 
itself is an important archaeological variable.  The natural liminality of the more distinctive 
aspects of the physical world correspond well with the apparent perceptual and physical need 
for a threshold and connective bridge with the sacred world. 
 
• Material Culture – The visual characteristics of material culture are best understood as 
cues for initiating behaviour.  Visual cues are not the cause of a behaviour, rather, the display 
of certain cues encourage certain assumptions.  Visual cues can mean many things to many 
people, but can function in a specific way regardless of a pluralistic meaning.  Meaning can 
change through time but the potential of a cue is that it relates to the assumptions it invokes in 
people (section 3.3.4).  Cues are understood in terms of general, not specific, principles.  
General iconographic characteristics affect people for the same reason differences in space 
affect people, certain ‘styles’ relating to specific concepts anchor themselves into the 
mind/brain easier than others.  A circle fits through a circular hole easier than through a square 
hole.  Similar visual cues are likely to be repeated across time and space because in functional 
terms they affect people in similar ways.  Visual cues replicate because they are the most 
likely to get the job done. 
 
Humans live in a physical world governed by general natural laws and the concepts humans 
generate are partially governed by such laws.  A brief survey of the research surrounding religious 
causality indicates that religious behaviour is likely to relate to the interaction of mind/brain, space, and 
material culture.  The nature of the interaction constrains religious concepts, it acts as a foundation for 
further conceptualisation.  Recurrent religious phenomena replicate because they adhere to the 
foundation.  Thus an analysis of these phenomena is likely to yield the material correlates of religious 
behaviour. 
 
 
9.3  Model:  Sacred Spatial Behaviour 
Comparative analyses in social anthropology offer diverse accounts of recurrent religious phenomena 
(section 3.2).  The body of evidence related to recurrent religious phenomena is vast, and rarely 
synthesised into a single picture.  In seeking some sort of convention within the archaeological 
discipline this thesis has modified Renfrew’s (1985:18–20, 1994a:51–52) excellent model outlining the 
material correlates of religious behaviour with additional insights from social anthropology.   
The model presented in this thesis is quite different from the other approaches (sections 1.2.1 
– 1-2.5).  It is preferred because it shows how diverse examples come together to underscore a general 
behaviour.  Rather than taking a fine grained approach this thesis looks for evidence of a general 
relationship, which is not contradicted by the inevitable variation in detail.  Four criteria are modelled 
(below). 
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9.3.1  Model Summary   
The archaeological recognition of past religious behaviour requires the identification of the following 
criteria: 
 
• Graduated Spatial Behaviour – The liminality of religion causes distinct separation in 
cultural distributions and associations, while the dyadic nature of religion means religion is 
connected with mundane behaviours.  The need for ostensive separation in religious behaviour 
creates a formal spatial pattern (for material and voids) which is structurally different from the 
normal range of spatial relationships.  All religious behaviour is primarily related to the 
ordered movement between points and places.  This formulaic spatial pattern is phasal in its 
movements which means that it results in a graduated change in use of space, both in the use 
of voids as buffers (e.g., the distances between activities) and stages for actions.  Spatial 
relationships incrementally increase in formality the further one moves towards the sacred 
extreme of the continuum.  One of the prime methods of constructing a graduated spatial 
relationship is by using distinctive geographic features.  These features generate separation 
and often naturally facilitate phasal movements in their changing geologic structure. 
 
• Material Behaviour – Graduated spatial behaviour is how people use space.  The things 
people do at places, the way they use objects is also evidence of past perceptions.  The 
repetitious formality of religious behaviour results in structured deposition of material objects.  
Ritual activity results in a formal array of select materials.  The various degrees of separation, 
(which implies classifications), characteristic of religion also forms selective associations 
between material objects.  Within this thesis a (macro-scale) complementary-avoidance style 
relationship is diagnosed as evidence of ceremonial support camps.  Activities that normally 
occur together will be segregated.  Religious behaviour results in special depositional 
episodes.  The formality of the object characteristics (visual form, type, stage of production, 
etc.) increases, with the segregation of associations along the mundane-to-sacred continuum. 
 
• Attention-Focusing Behaviour – A hallmark of religious behaviour is that it is attention-
demanding.  Assessing the attention-focusing qualities of potential sacred places requires the 
ability to quantify aesthetic values.  When trying to reconstruct past social systems which stem 
from a system outside empirical reality, it is necessary to incorporate characteristics which are 
related to the behaviour within the system, because the behaviour is empirically real.  Such a 
qualitative approach requires a holistic regional assessment, applied equally to the whole 
region.  Attention-focusing can be diagnosed when there is a clear trend to an association 
between depositions and select spatial features.  This thesis has found that simple geographic 
divisions (high/low) were only marginally diagnostic of attention-focusing and significant 
variation in material culture.  Combinations of general features such as ‘relative high 
elevation’ and select features such as, ‘secondary feature’ and ‘naturally demarcated areas’ 
indicated a greater precision in identifying attention-focusing. 
 
• Selective Iconographic Behaviour – Social behaviours are often underwritten by 
iconography.  Variation in iconography relates to the messages it transmits.  Visual 
iconographic cues which are related to religious behaviour stem from their ability to generate 
uniform responses.  Abstract (but simple) motifs allow for imprecise or – more accurately – 
very general interpretations.  A narrow interpretation (of a precise motif) is too individualist 
and not conservative enough for a successful replication of religious concepts.  Iconographic 
religious behaviour requires a group level response, which outweighs individual 
interpretations.  Homogeneous motifs demonstrate this same conservativeness, their inherent 
formality makes them more likely to relate to the private or select messages characteristic of 
the liminality of religious ritual.  A clinal distribution of the motifs also relates to a restrictive 
type of group level message transference, a ubiquitous distribution is likely to be more 
individualistic.  In this thesis track engravings were identified as selective, while pigment art 
was less selective.  Stencils (esp. ‘stencil only’ assemblages) tended to represent a transition 
from engravings to pigment art. 
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9.4  Assessment:  Region, Methodology and Indicators 
It is all well and good to establish a model for discussing religion in archaeology but it is also necessary 
to evaluate the probability that what the model shows is evidence of religious behaviour and not 
something else.  This assessment is achieved by applying the model. 
Chapter 4 began the application portion of the thesis.  It established the basic parameters of 
the BMNP study region.  This had the twin goal of formulating the matrix and creating a means to 
evaluate the model.  A review of relevant ethnography offered the necessary background to tailor the 
general model in the best way possible, in terms of variable selection and thus achieve a useful result.  
Chapter 5 constructed the regional data matrix.  To answer the hypothesis a matrix must 
include meaningful variables.  However, to generate a significant result the matrix must be equally 
capable of measuring the opposite trend.  The inclusion of necessary qualitative variables must not 
affect the general parameters of the matrix.  The qualitative variables can add colour but should not 
alter the structure of the matrix.  Tests of qualitative variables in chapter 6 (section 6.3.2) determined 
that they did not significantly effect the BMNP general linear associations.  The variables contain a 
combination of environmental and archaeological parameters (chapter 4) of the BMNP region. 
Chapter 6 identified the liminal indicators of the BMNP matrix.  Liminal indicators are 
specific (formal) trends in the matrix which exhibit decidedly abnormal regional associations.  The 
indicators represent separation and variation within the matrix.  In a simplified assessment the 
indicators are signposts of formal difference within the BMNP matrix.  They are trends which may 
relate to select, restricted, or otherwise special uses of artefacts or environment. 
MCA was set up to identify indicators and specifically exclude the influence of the dominant 
variables.  The preponderant and single-feature variables were excluded from the MCA to allow the 
remaining variables to vector freely.  This allows for the comparison of the latent structures within the 
selected rows (section 6.2.2).  Thus the underlying trend in the data is the (geometric) structural 
movements associated with the indicators.  For example the material continuums associated with rock-
art and grinding grooves show the gradual changes in variable associations characteristic of each 
archaeological feature.  As the type of rock-art or grinding changed so too did the material/ 
environmental relationship. 
 Chapter 6 focused on the analysis of variables which relate to the model of religious spatial 
behaviour and form a pattern in the way they differentiate themselves from the norm.  The more 
distinctive associations are interpreted as liminal, for they demonstrate a patterned (not ad hoc) break 
from the dominant behaviour.  However not all liminality is related to religious behaviour, many things 
can cause activities to separate from the normal range of events.  But where a change is indicated, is 
where it proves useful to apply the model of religious behaviour as seen in the distance matrix.  The 
highest probability of religious activity occurs where liminality is concentrated and is organised in a 
formulaic structure.   
Eight select combinations of variables indicated an increased liminality in the material culture 
of the BMNP region: low relative subsistence, high relative elevation, select topography, select site 
proximity, select combinations of raw materials, select artefact types, linear and shallow grinding 
grooves, homogeneous engraved rock art.  (The liminal indicators are summarised in Table 58.)  These 
liminal  indicators all show significant variation in the BMNP matrix.  
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9.5  Evaluation:  Graduated Spatial Behaviour 
The crux of the model of religious behaviour relates to the spatial relationships of objects and places.  
A distance matrix in chapter 7 examined the probability that the liminal features of the BMNP relate to 
a specifically formulaic spatial relationship characteristic of religious behaviour. 
The spatial model of religious behaviour shows that when the liminal indicators are in a 
formulaic association (distance algorithm), regionally specific indicators can be structured to identify 
the most likely locales of religious behaviour. 
The indicator analysis shows that some activities in the BMNP were segregated beyond the 
norm.  The indicator variables are themselves different from the norm, and the geometric relationship 
(MCA) between the variables is also different.  The distance matrix (DM) shows these differences and 
relationships conform to graduated patterns of association.  The differences relate spatially to each 
other at special places.  Statistically the DM 500 m SPT spatial relationship is not the result of chance.  
The graduated pattern of the places selected by the DM is different from the spatial relationship evident 
for topographically selective places that lack key liminal features and for non-topographically selective 
places with key liminal features.  The DM did not just target one spatial relationship, the matrix 
modelled all combinations between variables for the entire region, the entire data set.  It is very likely 
therefore that the formulaic association of activities that the DM distinguished are significantly 
different from the norm. The consistency of the DM pattern through time and space is I think indicative 
of the select pattern characteristic of religious behaviour operating within a material continuum. 
Five places were identified as conforming to the model of sacred spatial behaviour: Hat Hill, 
Pinnacles, Goonaroi Junction, WBG, Linden Ridge (Dawes Ridge junction).  These five places selected 
by the formulaic DM disproportionately attract certain select combinations of behaviour at the expense 
of other places which is consistent with the model of religious behaviour.  One place, the Circles, 
which historically has been assumed to be related to religious behaviour was not selected by the DM; it 
has a decidedly non formulaic site structure, indicating it was unlikely to have been a ceremonial place.  
Of the five positive hits, each strongly correlates with the four part model. 
 
9.5.1 Distance Matrix Summary of the Model of Sacred Spatial Behaviour 
 
• Graduated Spatial Behaviour – By default each generator-match record association 
selected by the DM relates to a graduated distribution.  The spatial associations for the use of 
select materials, voids and select environmental features indicates a special type of spatial 
trend (a partitioning of space) in contrast with the norm.  
 
• Select Material Behaviour – The formulation of the liminal indicators by the DM at 
each of the five places points towards the use of a select array of material.  Each place had a 
significant association with indicators.  Objects were either different or being used differently 
than the norm. 
 
• Attention-Focusing Behaviour – The graduated organisation of the DM’s algorithmic 
code indicates probable phasal movement in the depositional associations.  The select 
topographic nature of the locales select by the DM (as part of its code) further indicates a 
targeted graduated structure; activities were being funneled in accordance with attention-
demanding geographic features.  
 
• Select Iconographic Behaviour – Each of the five places selected by the DM was 
associated with abstract, homogeneous, and clinally distributed iconographic characteristics.  
This indicates a likely restricted group level association connected with the information 
transmitted by the iconography at each place. 
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CONCLUSION – Archaeology of Sacred Space 
There is a need for an archaeological model of religious behaviour.  Religion is a sociocultural 
universal, so it has an universal impact on material culture.  In order to understand the material past it is 
necessary to evaluate the role religion plays in organising the past.  This thesis has worked towards the 
archaeological recognition of religion.  It included a theoretical basis, models, and methods to identify 
religious behaviour from material culture, and conventions about necessary definitions.  The thesis 
started with a conceptual model of religious behaviour from which was built a generic model which I 
argue encapsulates the universal archaeological foundations of religious behaviour.  Most importantly 
this thesis tested the veracity and usefulness of the model by systematically applying it to a significant 
amount of data. 
 This thesis produced a nexus between abstract theory, a generic model of behaviour and 
BMNP archaeology.  It forged a link between the social and functional attributes embodied in a cultural 
matrix.  It connected the little bits of stone on the ground, a groove in the rock and an elusive art motif 
with a theoretical explanation.   It produced an empirical model for identifying religious behaviour in 
the BMNP where only speculation existed before.  It then applied this model to data with fieldwork 
filling in the gaps, in an innovative attempt to recognise patterns in the BMNP landscape.  The results 
are interesting and when compared to previous insights some interpretations are confirmed and others 
are explained away. 
Archaeologists often interpret places, assemblages or objects as related to religious activity 
without offering a clear basis for their generalisations.  While such intuitive statements are often useful, 
they can be misleading (e.g. Circles) and may foster an incorrect impression of a region’s history.  
Religious behaviour is not mysterious; it is a specific type of patterned action.  In the Blue Mountains 
many places are ‘selective’ in one way or another but the region is not blanketed by (secret) sacred 
sites.  There is no archaeologically apparent sacred void (after Parkin 1991), where religious activities 
dominate a topographic zone.  Within the known archaeological record of the BMNP five places (Hat 
Hill, Pinnacles, Goonaroi Junction, Woodford Bora Ground, Linden/Dawes Ridge junction) appear 
distinct from the rest.  These places are both different and significant.  The elements which constitute 
these places are not unique, rather it is the organisation of the elements which is indicative of religious 
behaviour.  The organisation of these places is not the result of random movements or associations.  
Their identification as ceremonial sites revolves around identifying specific types of variation in the 
archaeology:  1) their spatial organisation is formulaic in its graduations; 2) they represent a liminal 
array of objects and iconography; 3) they exhibit distinct geographic associations which stress 
separation, attention-focusing and inspiration.  These variations, the ceremonial attributes of the sites, 
conform to the generic model of religious behaviour synthesised in this thesis.  The special sites 
identified follow the precedents set out by recurrent ethnographic analyses and the theoretical 
interpretations of the core principles of religious behaviour. 
 Archaeologically identifying prehistoric hunter-gather religious behaviour involves 
identifying a very selective and focused (liminal) graduated spatial distribution of objects and places – 
a formulaic organisation of praxis.  The sacred end of the material cultural continuum is identified by 
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the incremental increase in selectivity of actions and places.  These perceptual graduations along the 
continuum focus attention upon a specific point.  The closer a religious person is to a sacred focus point 
the more formal their behaviour; but this is only evident because religious behaviour is contained 
within a more general social context (Berndt 1969:6, 1974:11).  Concentrated religious behaviour must 
be seen in balance with the mundane activities which make ceremonies possible.  Even the most secret 
sacred ritual is not completely isolated from the realities of the world.  They rely on the full range of 
activities and places.  In this sense an entire community is involved in creating and maintaining sacred 
space; this archaeologically results in an increase in the quantity of actions related to religious 
behaviour.  For example, a male initiation ritual such as the Bora may directly involve only men and 
male neophytes, but the socio-economic interdependence of the community means that for the 
ceremony to function women and children must be indirectly involved.  Spatially this results in a 
increased formality in the partitioning of the sexes and the range of related activities.  In the Bora 
example males and females are not isolated in the extreme rather they form distinct spatial entities 
within a more general spatial context – nodes within social areas.  Archaeologically such formulaic 
structuring of material culture will only be initially evident at the macro scale, where distributional 
patterns can be examined for significant variation from a region’s normal range (distribution) of 
material activities and geographic contexts. 
 Religious behaviour’s need for limen influences the depositional structure, array and 
associations of objects.  Whereas in a general social context activities are proportionally separated, in 
sacred space activities are more stringently segregated.  The result is that objects/visual images with 
more ceremonial characteristics (liminal features) increase their proportion within assemblages (e.g. 
stone tools: implements with an increased number of production stages, restricted production; rock-art: 
homogeneous array of motifs, abstract form).  The liminal features of the matrix are disproportionally 
concentrated in such places – separating them from the norm.  In addition, the proximity between these 
formal assemblages, the types of objects that occur near each other, also suggests an increase in an 
area’s distributional formality.  Religious behaviour in not a tapering off of subsistence activity, it is a 
selective partitioning of activity focused in its orientation.  The difference between the two is 
sometimes a delicate measure, which is why it is necessary for an initial macro scale assessment of any 
pattern.  In the BMNP there was an evident shift towards a select array of archaeological features and 
an increased formality in the associated proximities between assemblages in the c. 10% of data which 
constituted the five ceremonial sites and their extended spatial context.  This was a regional pattern 
determined by the distance matrix, not an ad hoc interpretation.  Just as Richard and Thomas (1984) 
found, there exists a distinct and focused partitioning in the distribution of activities at select places 
which is indicative of ritual behaviour and is inconsistent with a regional norm (Thomas 1996) but is 
not an ad hoc pattern.  Religious behaviour is targeted in its focus and conditional in its activity 
associations which results in a formal, liminal pattern in the archaeological record. 
 The geographic context for ceremonial events is also important in fostering religious 
perceptions.  Space is connected to basic concept formation and as such certain attributes of space are 
more easily attributed to the concept of religion.  Places which are distinct in regional terms, mark 
physical transitions and focus attention, exhibit the recurrent liminal qualities associated with religious 
behaviour.  Not to be underestimated however is the coupling of geographic liminality with a certain 
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degree of biological rationalism, where ceremonial locations are chosen both for their aesthetic 
liminality and suitability of the venue to support the ritual (e.g. high concentration foodstuff, suitable 
topography).  The successful replication of religious behaviour, the patterns which recur through time 
and space, must satisfy both the requirements of the concept and facilitate its participants.  Sacred 
behaviour is a continuum with one side connecting people with the hierophanies they seek, and the 
other side connecting with the mundane reality; neither connection is ever perfect nor is it possible to 
sever one end. 
The model of sacred spatial behaviour which forms the heart of this thesis is both flexible 
enough to allow for change, and rigorous enough to operate as a useful tool.  The model identified the 
often latent connections between places in the Blue Mountains, by understanding religion as a process 
– a behaviour – not a specific set of elements.  Analysing religion as a behaviour allows for change in 
the form of a dynamic relationships between variables, but the core structure (i.e., the graduated use of 
voids and liminal array of features) is strong enough to indicate where specific and significant change 
in behaviour has occurred.  Your god is red, my god is blue, but the way we behave in relation to our 
gods is very similar.  By using agreed or at least stated terms, definitions and concepts it is possible to 
create a level of clarity whereby comparison analysis becomes possible. 
The model presented in this thesis is different from earlier archaeological models on which it 
is based because it has begun to explore some of the inherent causality underlying religious behaviour.  
It is preferred because it examines some of the inherent assumptions and bypasses much of the 
previously genre bound interpretations of religion.  This path has increased the model’s applicability 
across archaeological genres and bolstered the strength of the model’s assumptions.  The neuroscience 
underpinning the model represents ongoing work.  It was never intended that the theory presented in 
this thesis be the last word in the archaeological analysis of religion (much more inter-disciplinary 
research is necessary) but it does provide a foundation.  What is clear is that the concept of religion is 
at least partially related to the dynamic interaction between the brain, mind, space and material culture.  
Therefore in some ways recurrent religious phenomena owe their spatio-temporal replication to the fact 
that some physical stimuli and spatial concepts are most easily interpreted by humans in religious 
ideas.  Identifying the material correlates related to the base structure of these phenomena yields a 
method by which archaeologists identify religious behaviour. 
Religious beliefs vary considerably, but the behaviour related to religion is constrained by the 
nature of the concept and the physical world.  Every religion is unique in detail, varying with societal 
and environmental pressures, but it would be wrong to suppose this precludes useful generalities.  
Because we as humans are governed by natural laws, the concepts we generate and the behaviour 
related to those concepts are partially constrained by these laws.  The constraints generate a pattern in 
the array and organisation of material culture.  Archaeological studies of these patterns, such as the 
BMNP Project, indicate much about how people order themselves in the world.  Studying the material 
correlates of religion within a cultural matrix is not an attempt to explain religion (in terms of 
meaning), it is an attempt to understand how religion, taken as an independent (dyadic) variable, 
influences the organisation of culture.  By examining the way people organise themselves in relation to 
objects/places, it is possible to begin to understand the way people perceived their cosmos. 
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The BMNP places highlighted in this thesis more strongly relate to the identified core 
principles of religious behaviour than they do to the region’s normal range of activities.  Data presented 
in the analysis however does not validate a pattern.  The data presented in this thesis is statistically 
significant.  Tests of statistical validation require more data than is available.  No approach in 
archaeology (like other sciences) is technically valid until it is repeated several times.  Even then there 
is the danger that the generic model treats religious phenomena in an over-schematic way and creates a 
picture which is in many ways an overly simplistic interpretation of the reality it proposes to explain.  
The whole purpose of establishing a model is so that future comparative analyses can test the approach.  
To establish a baseline for understanding a reality that is invariably more nuanced and complex.  It will 
be interesting to see the results of the model presented here applied in other contexts in Australia and 
elsewhere. 
The model presented in this thesis has contributed to an enhanced understanding of BMNP 
archaeology.  The matrix built to test the model uses most, if not all, of the evidence currently available 
and is equal to the variety and quality of data available for study.  However the archaeological record 
for the BMNP is constantly being augmented.  The design of the model and the matrix allows for new 
material or changes to existing information to be added as it becomes available.  Each of the specific 
links proposed here can therefore be constantly reevaluated.  Similarly, the hints of a variation in the 
cosmology between eastern and western portions of the mountains can be more thoroughly tested by 
placing BMNP data into a larger more detailed analysis of the Western Plains and Sydney Basin.  This 
could all be done within the current database format and algorithms, although enhancements and 
improvements in the designs would increase efficiency.  In applying the model in a completely new 
context, future researchers need not necessarily replicate the detailed approach of this thesis.  The 
painstaking systematic approach was necessary to carefully arrive at a position where it was possible to 
begin making useful generalisations about sacred spatial behaviour.  The principles outlined in this 
thesis could be readily applied where 1) a general regional archaeological model already exists and 2) 
where significant abnormalities are present within a regional model (see intro. Box A).  The application 
of the indictor model of religious behaviour in these instances may offer researchers new and 
comparative avenues to explore in understanding their data and the past people they study.  Rather than 
merely interpret religious features as end products of a material continuum, where they add colour but 
no insight, it is possible to investigate religious behaviour’s effect within and upon the material 
continuum itself. 
Perceptions impact on behaviour. The way people organise themselves and their material 
culture relates to their perception of reality.  People act in respect to how they see their cosmos.  An 
important way in which people perceive the world is through the concept of religion.  Religious 
concepts are at least partially determined by physical reality.  Recurrent religious phenomena, 
embodied in the archaeological record and spatial context, can be understood to represent the nexus 
between concept and reality.  Religious behaviours which persist through time and space are those most 
closely related to the religious perceptions.  Modelling these recurrent religious phenomena will allow 
archaeologists to identify the types of patterns associated with religious behaviour and the impact 
religious perceptions have on the organisation of material culture. 
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Appendix A  BMNP Project Variables and Matrix 
 
This appendix details the variable attributes used in the BMNP Project data matrix and includes a 
complete copy of the project’s binary matrix with site identification numbers.  The variables and their 
attributes are designed to give a general description of the distribution and associations evident in 
BMNP archaeology (see chapter 6).  Coordinates for archaeological sites in New South Wales are by 
law controlled by the National Parks and Wildlife Service (NPWS) and cannot be supplied in this 
appendix due to current data licensing agreements.  Interested persons can contact the author for the 
coordinates of new sites recorded as part of the BMNP Project, an electronic version of data is 
available at the cost of production plus postage.  A complete record of all sites and their locations used 
in the matrix is lodged with the Aboriginal Sites Register NPWS and will be available for use by 
interested persons at the discretion of NPWS of NSW. 
 
 
1.1  Variables and Descriptions for the BMNP Project Binary Data Matrix 
 
 
Matrix 
No. 
   Variable Description 
 
 
1 
 
Points/Blades<=5 
 
five or fewer backed points or blades, not including microliths, 
finished or preform  
 
2 Points/Blades>5 more than five backed points or blades, not including 
microliths, finished or preform 
 
3 Axes indicates that at least one edge ground axe (hatchet) or part 
there of 
 
4 Tools misc.<=5 five or fewer non specific tool (implement) types 
(hammerstones, pebbles pebble fragments, choppers, scrapers, 
adze flakes, etc.)  
 
5 Tools misc.>5 more than five non specific tool (implement) types 
(hammerstones, pebbles, pebble fragments, choppers, scrapers, 
adze flakes etc.)  
 
6 Cores at least one of a variety of types of stone cores (e.g. producer, 
nuclear, microblade, indeterminate) 
 
7 Cortex indicates more than 10% dorsal cortex is clearly visible on at 
least one artefact (implement or flake) or that a previous record 
reports cortex 
 
8 Large flakes<=5 
(>20mm in length) 
five or fewer whole stone flakes, various fracture types, more 
than 20 mm long 
 
9 Large flakes>5 more than five whole stone flakes, various fracture types, more 
than 20mm long 
 
10 Large modified flakes unspecified retouch/usewear (e.g. disposition - unifacial, 
bifacial, type – scalar, serrated) on at least one flake, more than 
20mm long 
 
11 Small flakes<=5  
(<20>10mm in length) 
five or fewer whole stone flakes, various fracture types, 
between 10-20mm long 
 
12 Small flakes>5 more than five whole stone flakes, various fracture types, 
between 10-20mm long 
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13 Small modified flakes unspecified retouch/usewear (e.g. disposition - unifacial, 
bifacial, type - scalar, serrated) on at least one flake, between 
10-20mm long  
 
14 Waste flakes>2 more than two amorphous fragments or clear debitage less than 
10mm in length 
 
15 Geometric microliths any number of backed blade microliths, crescentic to 
trapezoidal and triangular in shape, less than 15mm in width, 
preform or finished 
 
16 Retouch/Usewear unspecified retouch/usewear (e.g. disposition - unifacial, 
bifacial, type - scalar, serrated) on at least one artefact 
 
17 Mudstone/ Chert/ Silcrete 
(implements or flakes)  
any combination of the following raw materials: mudstone, 
chert, silcrete (silcrete is less common but for some reason 
often incorrectly identified in previously recorded NPWS site 
records) 
 
18 Quartz (implements or flakes)  quartz (any type barring pure crystal) 
 
19 Basalt (implements, flakes or 
cobbles) 
 
basalt  
 
20 Ochre nodules ochre (various hues)  
 
N/A Other raw material no attribute is selected if the raw material array for a site is: 
unrecorded, consists of small stone fragments, or rare (e.g. red 
jasper, shell, crystal)  
 
21 Complex a site’s artefacts are scattered over a 50sqm area with frequent 
clusters of tight units 
 
22 Cluster (tools, flakes) a site’s artefacts are generally grouped into a single tight unit, 
generally less than five meters in diameter 
 
23 Scatter (tools, flakes) a site’s artefacts are generally equally spread around a 50sqm 
area 
 
24 Isolated find lone artefact found within a 50sqm area 
 
25 Stone arrangement cairns or other provenienced organisation of stones (generally 
more than 200mm in length) indicating human manipulation of 
the assemblage 
 
26 AGG<=5 five or fewer axe grinding grooves (or other non specific type) 
within a 50sqm area 
 
27 AGG>5<20 6 –19 axe grinding grooves (or other non specific type) within a 
50sqm area 
 
28 AGG>=20 20 or more axe grinding grooves (or other non specific type) 
within a 50sqm area 
 
29 AGG linear complex sets of axe grinding grooves distributed in a manner 4x as long 
as wide (e.g. small numbers distributed along a rock platform) 
 
30 AGG clustered complex sets of axe grinding grooves concentrated in groups rather than 
linear spreads (e.g. moderate to large numbers distributed 
around a rock well) 
Appendix A  BMNP Project Variables and Matrix 314 
 
31 AGG depth<=15mm depth of axe grinding groove (deepest measure, average of 
group), 15mm or less 
 
32 AGG depth>15mm depth of axe grinding groove (deepest measure, average of 
group), more than 15mm 
 
33 Engravings<=2 one or two engravings of any type or orientation 
 
34 Engravings>2 more than two engravings of any type or orientation 
 
35 Engravings>2&<=2 motifs more than two engravings, two or less motifs  
 
36 Hand stencils at least one hand stencil (any type, colour, art combination) 
 
37 Paintings/Drawings<=2 one or two pigment art features of any type or orientation 
excluding stencils 
 
38 Paintings/Drawings>2 more than two pigment art features of any type or orientation 
excluding stencils 
 
39 Paintings/Drawings  
>2&<=2 motifs 
more than two paintings or drawings, two or less motifs 
 
40 Elevation<600m site is located below 600m in elevation (mean sea level) 
 
41 Elevation>600m<800m site is located between 600m and 800m above mean sea level 
 
42 Elevation>800m site is located above 800m from mean sea level 
 
43 High relative elevation location is elevated in relation to immediate surroundings (e.g. 
a hill overlooking a creek) 
 
44 Water<100m the estimated distance to permanent free-flowing water is less 
than 100m 
 
45 Water>100m<500m the estimated distance to permanent free-flowing water is more 
than 100m but less than 500m 
 
N/A Water <500m if no estimate is selected (matrix no. 44, 45) for a distance to 
permanent free-flowing water the distance is estimated to be 
more than 500m 
 
46 Wells>2=<10m more than two rock wells within 10m of an artefact assemblage  
47 Orientation N-S the most likely orientation for a site is north-south, the estimate 
is determined by topographic contours 
 
48 Orientation E-W the most likely orientation for a site is east-west, the estimate is 
determined by topographic contours 
 
49 Access orientation site orientation (matrix no. 47-48) is the same as the principal 
approach path  
50 Related to higher peak a visually dominant peak is clearly visible from the site 
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51 Related to an elevated topographic 
feature 
indicates the presence of an elevated topographic feature (e.g., 
saddle, elevated rock platform); the site is either located on 
such a feature or is it located in direct proximity (100m) of an 
elevated feature 
 
52 Secondary feature indicates the visual presence of an unusual geographic feature 
which is not the dominant stimulus for attention, such as a 
mountain peak or precipice, but is distinctive or rare enough to 
cause it to stand out at the local level (e.g. standing stone, rock 
pool, unusual erosion pattern, etc); secondary feature is a 
further measure of a site’s unusual attention-getting aspect and 
follows matrix no. 56 and 57 
 
53 Spur or Cliff<25m indicates a close proximity to a rapid gradient change (e.g. a 
site is located approximately within 25m of the edge of a 
ridgeline)  
 
54 Slope<20 degrees measure of the average slope for the assemblage area is 
approximately less than 20 degrees  
 
55 Slope>20 degrees measure of the average slope for the assemblage area is 
approximately more than 20 degrees 
 
56 Naturally demarcated area indicates the site location is topographically distinct from the 
surrounding area (e.g., clearing, rock platform, diatreme etc.) 
where the site area’s general stimuli are distinctive exhibiting 
more attention-getting qualities than those of common 
environmental areas 
 
57 Natural demarcated feature indicates the presence of a distinct geographic feature (e.g., 
unusual stone formation, precipice) which is in direct visual 
alignment with the site as seen from an elevated location (if 
more than one significant demarcated feature is present the 
second gets recorded as matrix no. 52)  
 
58 Subsistence material area resource rich area for food stuffs, shelter and stone materials 
 
59 Shelter<100m estimated distance to a significant rock shelter from a site is 
less than 100m 
 
60 Shelter>100m<1000m estimated distance to a significant rock shelter is more than 
100m but less than 1000m 
 
61 Rock shelter archaeological features are present within a rock shelter 
 
62 Quarry<1000m indicates a likely or known stone quarry is located within 
approximately 1000m of the site 
 
63 Ravine or river flats close proximity to free flowing water, generally within 250m of 
the site 
 
64 Low heath general flora for the site is scrub or heath 
 
65 Grass/Heath clearing general flora for a site is tall grasses with intermittent scrub or 
heath 
 
66 Woodlands general flora for a site is dense woodland 
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67 Swamp indicates archaeological features are located in direct proximity 
(generally less than 250m) to any type of swamp 
 
68 Open rock face indicates that archaeological features are found directly upon an 
open rockface 
 
69 Hawkesbury sandstone Hawkesbury series fine sandstone  
 
70 Narrabeen sandstone Narrabeen series coarse (lithic) sandstone  
71 Visible from>1000m the site is visible from more than 1000m away, the implication 
is that a site is clearly visible from the surrounding area 
generally in an exposed ridgetop location 
 
72 Visible from sites elv>600m the site area is visible from elevated positions over 600m from 
mean sea level, the implication is that a site is visible at a 
distance only from select elevated locations 
 
73 Visible from sites elv<600m the site area is visible from elevated positions less than 600m 
(mean sea level), the implication is that a site is visible from 
less elevated viewing locations 
 
74 180 degree visibility visibility from a site is very good with a commanding view of 
the surrounding area 
 
75 Access to subsistence<1hr the estimated minimum time to reach a resource rich area is less 
than one hour, the implication is that the site area is a 
subsistence area 
 
76 Access to subsistence>1hr the estimated minimum time to reach a resource rich area is 
more than one hour, the implication is that the site area is a non 
subsistence area 
 
77 Complex of sites indicates multiple sites are located within a general vicinity 
(500m) 
78 Site size>100sqm indicates size of site or complex is continuously distributed 
over 100sqm 
 
79 Proximity of  
multi-dimensional site 
 
indicates a site has an estimated proximity (<1000m) to shelter 
sites 
 
80 Proximity of  
uni-dimensional or transit sites 
 
indicates a site has an estimated proximity (<1000m) to open 
sites 
 
81 Proximity of engravings indicates a site has an estimated proximity (<1000m) to 
engravings 
 
82 Proximity to paintings indicates a site has an estimated proximity (<1000m) to 
pigment art or stencils 
 
82 Proximity of >20 AGG indicates a site has an estimated proximity (<1000m) to large 
assemblages (more than 20) of axe grinding grooves 
 
84 Proximity to stone arrangement indicates a site has an estimated proximity (<1000m) to 
provenienced stone arrangements 
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1.2  BMNP Project Binary Data Matrix 
 
The BMNP Project data matrix uses a binary format to document the presence or absence of variables within sites: variable is positive – ‘1’; variable is negative – ‘0’; 
variable is unknown or uncertain –‘0’.  Some excavated deposits were excluded from the matrix because they skewed the regional parameters, such sites were valuable to 
normalise the ESP where necessary.  The loss of spatial data did not effect the distance matrix. 
Table 1:  BMNP Project data matrix 
SA
S 
C
od
e 
N
um
be
r
BM
N
P 
Si
te
 ID
*
Si
te
 C
la
ss
 
C
od
e*
*
Pt
Bd
le
5
Pt
Bd
g5
Ax
es
To
ol
le
5
To
ol
g5
C
or
es
C
or
te
x
Lg
Fk
le
5
Lg
Fk
g5
Lg
M
dF
ks
Sm
Fk
le
5
Sm
Fk
g5
Sm
M
dF
ks
W
st
eF
kg
2
G
eo
M
ic
R
et
_U
se
M
SC
_F
ks
Q
_F
ks
B_
Fk
sC
ob
O
ch
re
C
om
pl
xF
k
C
ls
te
rF
k
Sc
tte
rF
k
IF St
nA
rg
AG
G
le
5
AG
G
l5
g2
0
AG
G
ge
20
AG
lin
e
AG
cl
us
tr
AG
dp
le
15
AG
dp
g1
5
Eg
vl
e2
Eg
vg
2
Eg
vm
2m
2m
St
en
ci
ls
Pt
gl
e2
Pt
gg
2
Pt
gm
2m
2m
El
v_
60
0
El
v6
_8
El
v_
80
0
H
hR
eE
lv
H
2O
10
0
H
2O
1_
5
1 4-0001 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 1
2 4-0002 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 1
3 4-0003 A 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 1 0 1
4 4-0004 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 1
5 4-0005 M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 1
6 4-0008 M 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0
7 4-0010 A 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 1 0 0 0 0 1 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0
8 4-0011 U 0 0 0 1 0 1 1 0 1 0 0 1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
9 4-0012 M 0 1 0 1 0 1 1 0 1 1 0 1 1 1 0 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0
10 4-0013 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 1 0
11 4-0014 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 1 1 0 1
12 4-0015 A 1 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0 1 1 0 0 0 0 1 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 1
13 4-0016rid E 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 1 1 1 0 1 0 1 0 0 0 0 0 0 0 1 1 0 1
14 4-0016surf Ex 1 0 0 1 0 0 1 1 0 1 1 0 1 1 1 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1
15 4-0017x A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 0 1 1 0 1
16 4-0017a A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 1
17 4-0017b T 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0
18 4-0017c T 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1
19 4-0018 Ex 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 1 0
20 4-0019 M 0 0 0 0 0 1 1 1 0 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0
21 4-0020 M 0 0 0 0 0 1 1 1 0 0 1 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0
22 4-0021 M 0 0 0 0 0 1 0 1 0 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0
23 4-0022 E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1 0 1 1 0 0 0 0 0 0 1 1 0 1
24 4-0023 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 1
25 4-0024 U 0 0 0 0 0 0 1 1 0 0 1 0 0 1 1 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0
26 4-0025 U 0 0 0 0 0 0 1 0 0 0 1 0 1 1 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
27 4-0026 P 0 1 0 0 1 1 1 0 1 1 0 1 1 1 0 1 1 1 1 1 1 0 0 0 0 0 1 0 0 1 0 1 0 0 0 1 0 1 0 1 0 0 0 1 0
28 4-0026np A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
29 4-0027 A 0 0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 1 0 1
30 4-0028 M 1 0 1 0 1 1 1 0 1 1 0 1 1 1 1 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 1 0
31 4-0028np A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 1 0 1 1 0
32 4-0029 M 1 0 0 1 0 0 1 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
33 4-0029np A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
34 4-0030 E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 1 0
35 4-0031 T 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0
36 4-0032 E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 1
37 4-0033 M 1 0 0 0 0 0 1 1 0 0 1 0 1 1 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0
38 4-0034 M 0 0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0
39 4-0034c A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
40 4-0034d A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
41 4-0035 E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 1
42 4-0036 M 0 0 0 1 0 0 1 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
43 4-0037 M 0 0 0 1 0 0 1 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
44 4-0038 M 1 0 0 1 0 1 1 0 1 1 0 1 1 1 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1
45 4-0038np M 1 0 1 1 0 1 1 0 1 1 0 1 1 1 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1
* BMNP Site ID (suffix): rid =site located above shelter on ridge; surf =extrapolated surface deposit of shelter or upper level of excavation; np =two separate site class recordings for one NPWS record; a-x suffix =temporary NPWS site id. 
**Site Class Code: A= axe grinding groove; E= engraving; Ex= engraving within multidim (shelter); M= multidimensional (shelter site); P= pigment art (shelter site); U= unidimensional (open site); T= transit (open site);
 
Appendix A  BMNP Project Variables and Matrix 318 
 
SA
S 
C
od
e 
N
um
be
r
BM
N
P 
Si
te
 ID
*
Si
te
 C
la
ss
 
C
od
e*
*
W
el
ls
O
rt_
N
S
O
rt_
EW
Ac
sO
rt
R
dH
hP
k
R
dE
lv
TF
t
Sc
nd
Ft
C
lif
fS
pr
Sl
pl
20
Sl
pg
20
N
at
D
em
Ar
N
at
D
em
Ft
Su
bM
tA
r
Sh
ltr
10
0
Sh
ltr
1k
m
R
ck
Sh
ltr
Q
ry
1k
m
R
av
R
iv
Ar
Lw
H
th
G
rs
H
th
W
oo
dl
ds
Sw
am
p
O
_R
ck
Fc
e
H
w
kS
tn
e
N
rr
bS
tn
e
Vi
s1
00
0
Vi
s6
_1
k
Vi
s6
00
18
0_
Vi
s
Ac
cS
ub
N
oA
cc
S
ub
C
m
pl
x_
St
Si
ze
10
0m
Px
M
ul
ti
Px
Tr
Tp
U
n
Px
E
gv
Px
P
tg
Px
20
AG
G
Px
S
tn
Ar
g
1 4-0001 P 0 1 0 1 0 1 0 0 1 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0 0 0 0
2 4-0002 A 0 1 0 1 0 1 0 1 0 1 1 0 0 0 1 0 0 0 0 0 1 0 1 1 0 0 0 0 1 1 0 0 0 0 1 0 0 0 0
3 4-0003 A 0 1 0 1 0 0 0 1 1 0 1 0 1 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0
4 4-0004 A 0 0 1 0 1 1 0 1 1 0 1 0 1 0 0 0 0 0 1 0 0 0 1 1 1 1 1 1 1 1 0 1 0 0 1 0 0 1 0
5 4-0005 M 0 1 0 0 0 1 0 1 0 1 1 0 1 1 0 1 0 0 0 0 1 0 0 0 1 0 0 0 1 1 0 0 0 1 0 0 1 0 0
6 4-0008 M 0 1 0 0 0 0 0 0 1 0 0 0 1 1 0 1 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0
7 4-0010 A 0 0 1 1 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 1 1 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0
8 4-0011 U 0 1 0 0 0 0 0 0 1 0 0 0 1 1 0 0 1 1 0 1 1 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0
9 4-0012 M 0 0 1 0 0 0 1 0 1 0 0 1 1 1 0 1 0 0 1 0 1 1 0 0 1 0 0 0 0 1 0 1 1 1 0 0 0 0 0
10 4-0013 A 0 0 1 1 0 0 0 1 1 0 1 0 0 1 0 0 1 0 1 0 0 0 1 1 0 0 0 0 1 1 0 0 0 0 1 0 0 1 0
11 4-0014 A 0 0 1 0 1 0 0 0 1 0 1 0 0 0 1 0 1 0 0 0 0 0 1 1 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0
12 4-0015 A 0 1 0 1 1 1 0 1 1 0 1 1 0 0 0 0 0 0 1 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 1 0 0 0 0
13 4-0016rid E 1 0 1 1 1 1 0 1 1 0 1 1 0 1 0 1 0 0 0 1 0 0 0 1 1 1 1 1 1 1 0 1 0 1 1 1 0 1 0
14 4-0016surf Ex 1 0 1 1 1 1 0 1 1 0 1 1 0 1 0 1 0 0 0 1 0 0 0 1 1 1 1 1 1 1 0 1 0 1 1 1 0 1 0
15 4-0017x A 1 0 1 1 1 1 0 1 0 1 1 1 0 1 0 1 0 0 0 0 1 0 0 1 1 0 1 1 0 1 0 1 0 1 1 1 0 1 0
16 4-0017a A 1 0 1 1 1 1 0 1 0 1 1 1 0 1 0 1 0 0 0 0 1 0 0 1 1 0 1 1 0 1 0 1 0 1 1 1 0 1 0
17 4-0017b T 0 1 0 1 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 1 0 1 1 1 0 1 0
18 4-0017c T 0 1 0 1 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0
19 4-0018 Ex 0 0 1 1 1 1 1 0 1 0 1 1 0 1 0 1 1 0 1 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 1 0 0 1 0
20 4-0019 M 0 1 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 1 0 0 1 0 0 0 0
21 4-0020 M 0 1 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 1 0 0 1 0 0 0 0
22 4-0021 M 0 1 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 1 0 0 1 0 0 0 0
23 4-0022 E 1 0 1 0 1 1 0 0 1 0 1 1 0 1 0 0 0 0 0 0 1 0 1 1 0 1 1 0 1 0 1 1 0 1 0 0 0 0 0
24 4-0023 A 0 0 1 1 1 1 0 1 1 0 1 1 0 0 1 0 1 0 1 0 1 0 1 1 0 1 1 0 1 1 0 0 0 0 0 0 0 0 0
25 4-0024 U 0 1 0 0 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 1 1 0 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0
26 4-0025 U 1 1 0 1 0 0 0 0 1 0 1 1 1 0 1 0 0 1 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0
27 4-0026 P 0 1 0 0 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 1 1 1 1 0 0 0 0
28 4-0026np A 0 1 0 0 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 1 1 0 0 1 1 0 0 0 0 1 0 1 1 1 1 0 1 0 0
29 4-0027 A 1 0 1 0 0 0 0 0 1 0 1 0 0 1 0 1 0 0 0 1 0 0 1 1 1 0 0 0 0 1 0 1 1 1 1 0 1 1 0
30 4-0028 M 0 0 1 0 0 0 0 0 1 0 0 0 1 1 0 1 1 0 0 1 1 0 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 1 1
31 4-0028np A 0 0 1 0 0 0 0 0 1 0 0 0 1 1 0 1 1 0 0 1 1 0 1 1 1 0 0 0 0 0 0 0 0 1 0 0 1 1 1
32 4-0029 M 0 0 1 0 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 1 1 0 1 1 0 0 0 0 1 0 1 0 1 0 1 0 1 0
33 4-0029np A 0 0 1 0 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 1 1 0 1 1 0 0 0 0 1 0 1 0 1 0 1 0 1 0
34 4-0030 E 0 0 1 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 1 0 0 0 0 0 1 0 1 0 1 0 0 0 1 0
35 4-0031 T 1 1 0 0 0 0 0 1 1 0 1 0 0 1 0 0 0 0 1 0 0 1 1 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0
36 4-0032 E 0 0 1 0 0 1 0 1 1 0 1 0 0 0 1 0 0 0 1 0 0 0 1 1 0 1 0 1 1 1 0 1 0 1 1 1 0 0 0
37 4-0033 M 0 0 1 1 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 1 0 1 1 1 0 1 0
38 4-0034 M 0 0 1 1 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 1 0 1 1 1 0 1 0
39 4-0034c A 0 0 1 1 0 0 0 0 1 0 1 0 1 0 1 0 0 1 0 0 1 1 0 1 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0
40 4-0034d A 0 0 1 1 0 0 0 0 1 0 1 0 1 0 1 0 0 1 0 0 1 1 0 1 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0
41 4-0035 E 1 0 1 0 1 1 1 0 1 0 1 1 0 0 1 0 0 0 0 1 0 0 1 1 0 1 0 0 1 1 0 0 0 0 1 1 0 0 0
42 4-0036 M 0 1 0 1 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 1
43 4-0037 M 0 1 0 1 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0
44 4-0038 M 1 1 0 1 1 1 0 1 1 0 1 1 0 1 0 1 1 0 0 1 0 0 1 0 0 0 0 0 0 0 1 1 1 1 0 1 0 1 0
45 4-0038np M 1 1 0 1 1 1 0 1 1 0 1 1 0 1 0 0 1 0 0 1 0 0 1 1 1 1 1 0 1 0 1 1 1 1 0 1 0 1 0
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46 4-0038npx A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 0 0 0 0 0 0 0 0 0 1 1 0 1
47 4-0039rid E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 1 0 0 0 0 0 0 1 0 1 0 1
48 4-0039surf M 1 0 0 1 0 0 1 1 0 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0
49 4-0040 M 0 0 1 0 0 0 1 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
50 4-0040np A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
51 4-0041 U 0 0 0 0 0 0 1 1 0 0 0 1 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0
52 4-0042 U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1
53 4-0043 M 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
54 4-0043a T 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
55 4-0043b T 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
56 4-0043c M 1 0 0 0 0 0 1 1 0 0 1 0 1 1 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0
57 4-0043d A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 1
58 4-0043e A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
59 4-0043f M 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
60 4-0043g P 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 1 0
61 4-0043h T 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
62 4-0045 E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0
63 4-0046 E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 1 0 0 0 0 0 0 0 1 1 1 0
64 4-0047 U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
65 4-0053 A 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 1
66 4-0054 P 0 0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0
67 4-0056 M 0 0 0 1 0 0 1 0 0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
68 4-0057 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0
69 4-0059 U 0 0 0 1 0 0 1 1 0 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
70 4-0060 P 0 0 0 1 0 0 1 1 0 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0
71 4-0061 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 1 0
72 4-0062 M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0
73 4-0063a T 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
74 4-0068 M 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1
75 4-0072 T 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1
76 4-0073 M 1 0 0 1 0 1 1 0 1 1 1 0 1 1 1 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1
77 4-0074 T 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1
78 4-0075 M 1 0 0 1 0 1 1 1 0 1 1 0 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1
79 4-0076 A 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1
80 4-0077 M 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1
81 4-0078 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 0 1
82 4-0079 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 1
83 4-0081 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0
84 4-0082 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1
85 4-0083 P 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 1 0
86 4-0084 M 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 1
87 4-0085 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 1 0 0
88 4-0086 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0
89 4-0086a A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0
90 4-0086b A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0
91 4-0086c A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0
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46 4-0038npx A 1 1 0 1 1 1 0 1 1 0 1 1 0 1 0 0 1 0 0 1 0 0 1 1 1 1 1 0 1 0 1 1 1 1 0 1 0 1 0
47 4-0039rid E 1 0 1 1 0 0 1 1 0 1 0 0 1 1 0 0 1 0 1 1 0 0 1 1 0 0 1 0 1 1 0 1 1 1 0 0 0 1 0
48 4-0039surf M 0 0 1 1 0 0 0 1 1 0 1 0 1 1 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 1 0 1 1 1 0 0 0
49 4-0040 M 1 1 0 1 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 1 0 1 0 1 0 1 1
50 4-0040np A 1 1 0 1 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 1 0 1 0 1 0 1 1
51 4-0041 U 1 0 1 0 1 0 0 0 1 0 1 0 0 0 1 0 0 0 0 1 0 0 1 1 1 0 0 0 1 1 0 0 0 1 1 1 0 1 0
52 4-0042 U 0 0 1 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 1 1 0 0 0 1 1
53 4-0043 M 0 0 1 1 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0
54 4-0043a T 0 1 0 1 0 1 0 0 0 1 0 1 1 0 1 0 0 1 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 1 0 1 0 0 0
55 4-0043b T 0 0 1 0 0 1 1 1 1 0 0 1 0 0 1 0 0 0 0 1 1 0 0 0 1 0 0 1 1 1 0 1 0 0 0 1 0 0 0
56 4-0043c M 0 0 1 1 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 1 0 1 1 1 0 0 0
57 4-0043d A 0 0 1 0 0 1 1 1 1 0 0 1 0 0 1 0 0 0 0 0 1 0 1 1 1 0 0 0 1 1 0 1 0 0 1 1 0 0 0
58 4-0043e A 0 0 1 1 0 0 0 0 1 0 0 0 1 1 0 0 0 1 0 0 1 0 1 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0
59 4-0043f M 0 0 1 1 0 0 0 0 1 0 1 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0
60 4-0043g P 0 0 1 1 0 0 0 0 1 0 1 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0
61 4-0043h T 0 0 1 1 0 0 0 0 1 0 1 0 1 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 0
62 4-0045 E 0 1 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0
63 4-0046 E 1 1 0 1 1 1 0 1 1 0 1 1 0 0 1 0 1 0 1 0 0 0 1 1 0 1 1 1 1 1 0 1 1 1 1 1 0 1 0
64 4-0047 U 0 0 1 1 0 0 0 1 0 1 1 0 0 0 1 0 0 0 0 1 0 0 1 0 1 0 1 0 1 1 0 0 0 1 1 0 1 0 1
65 4-0053 A 0 0 1 1 1 0 0 1 1 0 0 0 0 0 1 0 0 1 1 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 1 0 0 0 0
66 4-0054 P 0 0 1 1 0 0 0 0 0 1 0 0 1 1 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 1 0 0
67 4-0056 M 0 0 1 1 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 1 1 0 0 0 0
68 4-0057 P 0 1 0 1 0 1 0 0 1 0 1 0 1 1 1 1 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 1 0 1 0 0 1 0 0
69 4-0059 U 0 1 0 0 0 0 0 0 1 0 1 0 1 0 1 0 1 1 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0
70 4-0060 P 0 0 1 1 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 1 0 1 0 1 0 0 1 0 0
71 4-0061 P 0 0 1 1 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 1 0 1 0 1 0 0 1 0 0
72 4-0062 M 0 0 1 1 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 1 0 1 0 1 0 0 1 0 0
73 4-0063a T 0 0 1 0 0 1 0 0 1 0 1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 1 1 0 0 1 0 0
74 4-0068 M 0 0 1 1 1 1 0 0 0 1 0 0 0 1 0 1 0 0 0 0 1 0 0 0 1 1 0 0 0 1 0 0 0 0 1 0 0 0 0
75 4-0072 T 0 0 1 1 1 1 0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 1 1 0 0 0 0 1 0 0 0 0
76 4-0073 M 0 1 0 1 0 0 0 0 1 0 1 0 1 0 1 0 0 1 0 0 1 0 0 0 1 0 0 0 0 1 0 1 1 0 1 0 0 0 0
77 4-0074 T 0 1 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 1 0 0 1 0 0 0 0
78 4-0075 M 0 1 0 1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 1 1 0 0 1 0 0 0 0
79 4-0076 A 0 1 0 1 1 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 1 0 1 0 1 1 0 0 0 0
80 4-0077 M 0 0 1 1 0 0 0 1 1 0 0 0 0 1 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 1 0
81 4-0078 P 0 1 0 0 1 1 1 1 0 1 1 1 0 1 0 1 0 0 0 0 1 0 0 0 1 0 0 0 1 1 0 0 0 0 1 0 1 1 0
82 4-0079 P 0 1 0 0 1 1 1 1 0 1 1 1 0 1 0 1 0 0 0 0 1 0 0 0 1 1 1 0 1 1 0 1 0 1 0 0 1 1 0
83 4-0081 A 0 0 1 1 1 1 1 0 1 0 0 1 0 0 0 0 0 0 1 0 1 0 1 1 1 1 1 1 1 1 0 0 1 0 0 0 0 0 0
84 4-0082 A 1 0 1 0 1 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 1 0 0 1 0 1 1 0 1 0 0 1 0
85 4-0083 P 0 0 1 0 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0
86 4-0084 M 0 0 1 1 0 1 1 1 0 1 1 1 1 1 0 1 0 1 0 0 1 1 0 1 1 0 0 0 1 1 0 1 0 0 0 0 0 1 0
87 4-0085 A 1 0 1 0 0 1 0 1 0 1 1 0 0 0 1 0 0 0 0 0 1 0 1 1 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0
88 4-0086 A 0 1 0 1 1 1 1 1 1 0 0 1 0 0 1 0 0 0 1 1 1 0 1 1 1 1 1 1 1 1 0 1 0 0 0 0 0 0 0
89 4-0086a A 0 0 1 0 0 0 0 0 1 0 1 0 1 0 1 0 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 1 0 0 1 0 0 0 0
90 4-0086b A 0 1 0 1 1 1 1 1 1 0 0 1 0 0 1 0 0 0 1 1 1 0 1 1 1 1 1 0 1 1 0 1 0 0 1 0 0 1 0
91 4-0086c A 0 1 0 1 1 1 1 1 1 0 0 1 0 0 1 0 0 0 1 1 1 0 1 1 1 1 1 0 1 1 0 1 0 0 1 0 0 1 0
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92 4-0086d U 0 0 0 0 0 1 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0
93 4-0086e M 0 0 0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1
94 4-0086f U 0 0 0 0 0 1 1 1 0 1 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
95 4-0086g T 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
96 4-0086h A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0
97 4-0087 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 1
98 4-0088 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 1
99 4-0090 A 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 1
100 4-0091 A 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 1
101 4-0094 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 1 1 1
102 4-0095 T 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
103 4-0096 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 1 0
104 4-0097 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0
105 4-0101 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0
106 4-0113 A 0 0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 1 0 1 1 0
107 4-0118 U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1
108 4-0129 U 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 1 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
109 4-0130 T 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
110 4-0132 T 0 0 0 1 0 0 0 1 0 1 0 1 1 1 0 0 1 1 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1
111 4-0133 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 1 1 0
112 4-0134 P 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0
113 4-0135 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 1 0
114 4-0136 Ex 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 1 1 0 0 0 0 0 0 1 1 0 1
115 4-0137 M 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1
116 4-0137a A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1 0
117 4-0138 M 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 1
118 4-0141 E 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 1 0 0 1 0 1 1 0 0 0 0 0 0 1 1 0 1
119 4-0141a U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0
120 4-0141b T 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1
121 4-0141c T 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1
122 4-0141d T 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1
123 4-0141e A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0
124 4-0141f P 0 0 0 1 0 1 1 1 0 1 1 0 0 1 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0
125 4-0141g M 0 0 0 0 0 1 1 1 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0
126 4-0141h A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 1
127 4-0141i T 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0
128 4-0141j U 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0
129 4-0141k T 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0
130 4-0142 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 1
131 4-0143 E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 1 1 0 1
132 4-0144 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
133 4-0146 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 1
134 4-0147 M 1 0 0 0 1 1 0 1 1 0 0 1 1 1 1 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0
135 4-0147a A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 0 1 1 1 0
136 4-0148 M 1 0 0 1 0 1 1 0 1 1 0 1 1 1 1 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0
137 4-0148a A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 0 1 1 1 0
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92 4-0086d U 0 1 0 1 1 1 0 1 1 0 0 0 0 0 1 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0
93 4-0086e M 0 1 0 1 0 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 1 1 0 0 0 0 1 0 0 0 0
94 4-0086f U 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0
95 4-0086g T 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0
96 4-0086h A 0 0 1 1 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 1 0 1 0 0 0 0 0
97 4-0087 A 0 1 0 1 1 1 0 1 1 0 1 0 1 0 1 0 0 0 0 1 0 0 1 1 0 0 1 1 1 1 0 0 0 0 1 0 0 0 0
98 4-0088 A 0 1 0 1 1 1 0 1 1 0 1 0 1 0 1 0 1 0 0 1 0 0 1 1 0 0 1 1 1 0 1 0 0 0 1 0 0 0 0
99 4-0090 A 0 0 1 1 1 1 0 1 1 0 1 0 1 0 1 0 1 0 0 0 1 0 1 1 0 0 0 1 1 1 0 0 0 0 1 1 0 1 0
100 4-0091 A 0 1 0 1 1 1 0 1 1 0 1 0 1 0 1 0 1 0 0 0 1 0 1 1 0 0 1 1 1 0 1 0 0 0 0 1 0 1 0
101 4-0094 P 0 0 1 1 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 1 0 0 0 1 0 0 0 0 1 0 1 0 1 1 0 1 0 0
102 4-0095 T 0 1 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0
103 4-0096 P 0 0 1 1 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 1 0 1 0 0 1 0 0
104 4-0097 P 0 0 1 1 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 1 0 1 0 0 0 0 0
105 4-0101 A 0 0 1 1 1 1 1 0 1 0 0 1 0 0 0 0 1 0 0 1 1 0 1 1 1 1 1 1 1 1 0 0 1 0 1 1 0 1 0
106 4-0113 A 1 1 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 1 1 0 1 1 0 1 0 0 1 0
107 4-0118 U 1 1 0 1 0 1 1 0 0 1 1 1 0 0 0 0 0 0 0 1 1 0 0 1 1 0 0 0 1 1 0 0 0 0 1 1 0 1 1
108 4-0129 U 0 1 0 0 0 0 0 0 1 0 0 0 1 0 1 0 1 1 0 1 1 0 0 1 1 0 0 0 0 1 0 0 1 0 1 0 0 0 0
109 4-0130 T 0 0 1 0 0 0 0 0 1 0 0 0 1 0 1 0 1 1 0 1 1 0 0 1 1 0 0 0 0 1 0 1 1 0 1 0 0 0 0
110 4-0132 T 0 1 0 1 0 0 0 0 0 1 0 0 1 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1
111 4-0133 A 0 0 1 1 0 0 0 1 1 0 0 0 0 1 0 0 1 0 1 0 0 1 1 1 1 0 1 0 1 1 0 0 0 1 1 0 0 1 0
112 4-0134 P 0 0 1 1 0 0 0 0 0 1 0 0 1 1 0 1 0 0 0 1 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0
113 4-0135 P 0 1 0 1 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0 1 0 1
114 4-0136 Ex 0 0 1 0 1 0 0 1 1 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 1 0
115 4-0137 M 0 0 1 1 1 1 1 1 0 1 0 1 0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 1 0
116 4-0137a A 0 0 1 0 1 0 1 1 1 0 1 0 0 0 1 0 0 1 0 0 1 0 1 1 1 0 0 0 0 1 0 0 1 0 1 0 0 0 0
117 4-0138 M 0 1 0 0 0 1 1 0 0 1 1 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 1 0 0
118 4-0141 E 0 0 1 0 1 1 1 0 1 0 1 1 0 0 0 0 0 0 1 0 0 0 1 1 1 1 1 0 1 1 0 1 0 0 1 1 0 0 1
119 4-0141a U 0 0 1 1 1 1 0 1 1 0 0 0 1 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 1 0 0 1 1 0 0 1
120 4-0141b T 0 0 1 0 1 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 1 0 1 1 0 1 0 0 1 1 0 0 1
121 4-0141c T 0 0 1 0 1 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 1 1 0 1 1 0 1 0 0 1 1 0 0 1
122 4-0141d T 0 0 1 0 1 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 1 0 1 1 0 1 0 0 1 1 0 0 1
123 4-0141e A 0 1 0 1 1 1 0 1 1 0 1 1 0 0 0 0 0 0 0 1 0 0 1 1 1 1 1 0 1 1 0 1 0 0 1 1 0 0 0
124 4-0141f P 0 0 1 0 0 0 0 0 1 0 0 1 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0 0 0 0
125 4-0141g M 0 0 1 0 0 0 0 0 1 0 0 1 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 1
126 4-0141h A 0 1 0 1 1 1 0 1 1 0 1 1 0 0 1 0 0 0 0 1 0 0 1 1 0 1 1 0 1 1 0 1 0 0 1 1 0 0 0
127 4-0141i T 0 0 1 0 1 1 0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 1 1 0 1 1 1 0 1
128 4-0141j U 0 0 1 1 0 0 0 0 1 0 1 0 1 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 0
129 4-0141k T 0 0 1 0 1 1 0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 1 1 0 1 1 0 0 1
130 4-0142 A 0 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 0
131 4-0143 E 0 0 1 1 1 1 1 1 1 0 1 0 1 0 1 0 0 0 1 1 1 0 1 1 1 1 1 0 1 1 0 0 0 0 1 1 0 1 0
132 4-0144 A 1 0 1 1 0 0 0 0 0 1 1 1 1 0 1 0 0 1 1 0 0 1 1 1 0 0 0 0 0 0 0 1 0 0 1 0 0 1 0
133 4-0146 A 1 0 1 1 1 1 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1 1 1 0 1 1 0 1 0 0 1 0 0 1 0
134 4-0147 M 0 1 0 0 0 1 0 1 0 1 0 0 1 1 1 1 0 0 1 0 0 1 0 1 1 0 0 0 1 1 0 1 0 1 1 0 0 1 0
135 4-0147a A 0 1 0 0 0 1 0 1 0 0 1 0 1 1 1 0 0 0 1 0 0 0 1 1 1 0 0 0 1 1 0 1 1 1 1 0 0 1 0
136 4-0148 M 0 1 0 0 0 1 0 1 0 1 0 0 1 1 0 1 0 0 1 0 0 1 0 1 1 0 0 0 1 1 0 1 0 1 1 0 0 1 0
137 4-0148a A 1 1 0 0 0 1 0 1 1 0 1 0 1 1 0 0 0 0 1 0 0 0 1 1 1 0 0 0 1 1 0 1 1 1 1 0 0 1 0
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138 4-0148b A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0
139 4-0149 M 0 0 0 0 0 0 1 0 1 1 0 1 1 1 0 0 1 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0
140 4-0149a M 1 0 0 1 0 1 1 1 0 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0
141 4-0149b A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 1
142 4-0150 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 1
143 4-0151 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 1
144 4-0152 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 1
145 4-0153 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 1
146 4-0154 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 1
147 4-0155x U 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1
148 4-0155a A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 1
149 4-0155b A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 1
150 4-0155c A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 1 0 1 0 0 0 0 0 0 0 0 0 1 1 0 1
151 4-0155d A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 1
152 4-0167 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1
153 4-0168 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1
154 4-0169 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1
155 4-0170 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1
156 4-0171 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1
157 4-0173 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 1 1 0 1
158 4-0173a P 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 1 0
159 4-0173b M 1 0 0 1 0 1 1 0 1 1 0 1 1 1 1 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0
160 4-0173c M 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1
161 4-0174 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1 0
162 4-0175 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 0 1 1 1 0
163 4-0177 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 0 1 1 0 1
164 4-0179 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 1 0 1
165 4-0180 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1
166 4-0182 U 0 0 0 0 0 1 1 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
167 4-0182a A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 1
168 4-0182b U 0 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
169 4-0182c M 0 0 0 1 0 1 1 0 1 1 1 0 1 1 0 0 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0
170 4-0182d M 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1
171 4-0182e A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0
172 4-0183 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1
173 4-0184 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 1 0 0 1 0 1
174 4-0185 U 0 0 0 1 0 1 1 1 0 1 1 0 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0
175 4-0186 M 1 0 0 0 1 1 1 0 1 1 0 1 1 1 0 1 1 1 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
176 4-0187 M 1 0 1 1 0 1 1 0 1 1 0 1 1 1 0 1 1 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1
177 4-0188 M 0 0 0 0 0 1 1 1 0 1 1 0 1 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
178 4-0189 T 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
179 4-0190 M 0 1 0 0 1 1 1 0 1 1 0 1 1 1 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0
180 4-0191 M 0 0 0 0 1 1 1 0 1 1 0 1 1 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1
181 4-0192 M 0 0 0 0 1 1 1 0 1 1 0 1 1 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0
182 4-0193 U 0 0 0 0 1 1 1 0 1 1 0 1 1 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1
183 4-0197 M 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1
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138 4-0148b A 0 1 0 1 0 0 0 0 1 0 0 0 1 0 1 0 0 0 1 0 0 0 1 1 1 0 0 0 0 1 0 1 0 1 1 0 0 1 0
139 4-0149 M 0 0 1 0 0 0 0 0 0 1 0 0 1 1 1 1 0 1 1 0 1 1 0 1 1 0 0 0 0 1 0 0 0 1 1 0 0 1 0
140 4-0149a M 0 0 1 1 0 0 0 0 0 1 0 1 1 1 0 1 1 1 0 0 1 0 0 0 1 0 0 0 0 1 0 1 1 0 0 0 0 1 0
141 4-0149b A 1 0 1 1 1 1 0 1 1 0 1 1 0 0 0 0 1 0 0 1 0 0 1 1 1 1 1 1 1 0 1 0 0 0 0 0 0 0 0
142 4-0150 A 1 0 1 1 1 1 0 1 1 0 0 0 0 0 0 0 1 0 1 0 0 0 1 1 1 1 1 0 1 1 0 1 0 0 1 0 0 1 0
143 4-0151 A 0 0 1 1 1 1 0 1 1 0 0 0 0 0 0 0 1 0 1 0 0 0 1 1 1 1 1 0 1 0 1 1 0 0 1 0 0 1 0
144 4-0152 A 0 0 1 1 1 1 0 1 1 0 0 0 0 0 0 0 1 0 1 0 0 0 1 1 1 1 1 0 1 0 1 1 0 0 1 0 0 1 0
145 4-0153 A 0 0 1 1 1 1 0 1 1 0 0 0 0 0 0 0 1 0 1 0 0 0 1 1 1 1 1 0 1 0 1 1 0 0 1 0 0 1 0
146 4-0154 A 0 0 1 1 1 1 0 1 1 0 0 0 0 0 0 0 1 0 1 0 0 0 1 1 1 1 1 0 1 0 1 1 0 0 1 0 0 1 0
147 4-0155x U 0 0 1 1 0 1 0 0 1 0 1 0 0 0 0 0 1 0 1 0 1 0 1 0 1 1 0 0 1 0 1 1 1 0 0 0 0 1 0
148 4-0155a A 1 0 1 0 0 1 0 1 1 0 0 0 0 0 0 0 1 0 1 0 1 0 1 1 0 0 0 0 1 0 1 1 1 0 1 0 0 1 0
149 4-0155b A 1 0 1 0 0 1 0 1 1 0 0 0 0 0 0 0 1 0 1 0 1 0 1 1 0 0 0 0 1 0 1 1 1 0 1 0 0 1 0
150 4-0155c A 1 0 1 0 0 1 0 1 1 0 0 0 0 0 0 0 1 0 1 0 0 0 1 1 0 1 1 0 0 0 1 1 1 0 1 0 0 1 0
151 4-0155d A 1 1 0 1 0 1 1 1 1 0 1 1 0 0 0 0 0 0 1 0 1 0 1 1 0 1 1 0 1 0 1 1 1 0 0 0 0 0 0
152 4-0167 A 0 0 1 1 1 1 0 1 1 0 1 1 0 0 0 0 0 0 0 1 1 0 1 1 1 1 0 0 1 1 0 1 0 0 1 0 0 1 0
153 4-0168 A 0 0 1 1 1 0 0 1 1 0 1 1 0 0 0 0 0 0 0 1 1 0 1 1 1 1 0 0 1 1 0 1 0 0 1 0 0 1 0
154 4-0169 A 0 0 1 1 1 1 0 1 1 0 1 1 0 0 1 0 0 0 1 1 0 0 1 1 1 1 1 0 1 1 0 1 1 0 1 0 0 1 0
155 4-0170 A 1 0 1 1 1 1 0 1 1 0 1 1 0 0 1 0 0 0 1 1 0 0 1 1 1 1 0 0 1 1 0 1 1 0 1 0 0 1 0
156 4-0171 A 0 0 1 1 1 1 0 1 1 0 1 1 0 0 1 0 0 0 1 1 0 0 1 1 1 1 1 0 1 1 0 1 1 0 1 0 0 1 0
157 4-0173 A 0 0 1 1 0 0 0 0 1 0 1 1 0 0 1 0 0 0 1 0 0 0 1 1 1 1 1 1 1 1 0 1 0 1 1 0 0 1 0
158 4-0173a P 0 1 0 1 0 0 0 1 1 0 0 0 1 1 0 1 0 1 1 0 1 1 0 0 1 0 0 0 0 1 0 0 0 1 1 0 0 1 0
159 4-0173b M 0 1 0 0 0 1 0 1 0 1 0 0 1 1 0 1 0 1 0 0 1 1 0 0 1 0 0 0 1 1 0 1 0 1 0 0 0 1 0
160 4-0173c M 0 1 0 0 0 1 0 1 0 1 0 0 1 1 0 1 0 1 0 0 1 1 0 0 1 0 0 0 1 1 0 1 0 1 0 0 0 1 0
161 4-0174 A 0 0 1 1 0 0 0 0 1 0 1 1 0 0 1 0 0 0 1 0 0 0 1 1 1 1 1 1 1 1 0 1 0 1 1 0 0 1 0
162 4-0175 A 0 1 0 1 1 1 1 1 0 1 1 1 0 0 1 0 0 0 1 0 0 0 1 1 1 1 1 1 1 1 0 1 0 1 1 0 0 1 0
163 4-0177 A 0 0 1 1 1 1 0 0 1 0 1 1 0 0 1 0 0 0 1 0 0 0 1 1 1 1 1 1 1 1 0 1 0 1 1 0 0 1 0
164 4-0179 A 0 1 0 1 1 1 1 0 0 1 1 1 0 0 1 0 0 0 1 0 0 0 1 1 1 1 1 1 1 1 0 1 0 1 1 0 0 1 0
165 4-0180 A 0 0 1 1 1 1 1 1 1 0 1 1 0 0 1 0 0 0 1 1 0 0 1 1 1 1 1 0 1 1 0 1 1 0 1 0 0 1 0
166 4-0182 U 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 1 1 0 1 1 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0
167 4-0182a A 1 0 1 1 1 1 0 1 1 0 1 0 1 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 1 1 0 1 0 0 1 0 0 1 0
168 4-0182b U 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 1 1 0 1 1 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0
169 4-0182c M 0 0 1 1 0 1 1 0 0 1 1 0 1 0 0 0 1 1 0 1 1 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0
170 4-0182d M 0 0 1 1 0 0 0 1 0 1 0 0 1 1 0 1 0 1 0 0 1 1 0 0 1 0 0 0 1 1 0 0 0 1 0 0 0 0 0
171 4-0182e A 0 0 1 1 0 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 1 0 0 1 1 0 0 0 0 1 0 1 0 1 0 0 0 0 0
172 4-0183 A 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1 1 1 0 0 1 1 0 1 0 1 0 0 1 0 0
173 4-0184 A 1 0 1 1 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 1 1 0 1 0 0 0 0 0 1 0
174 4-0185 U 0 0 1 1 0 0 0 0 1 0 0 0 1 0 1 0 0 1 1 1 0 0 0 0 1 0 0 0 0 1 0 0 1 1 1 0 0 0 0
175 4-0186 M 0 0 1 1 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 1 0 1 0 0 0 0 0
176 4-0187 M 0 1 0 1 0 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 0 1 0 1 1 1 1 0 0 0 0
177 4-0188 M 0 0 1 1 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 1 0 1 0 0 0 0 0
178 4-0189 T 0 0 1 1 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 1 0 0 1 0 0 0 0
179 4-0190 M 0 0 1 1 0 0 0 0 1 0 1 0 0 0 1 0 1 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0
180 4-0191 M 0 1 0 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 1 1 0 1 1 0 1 0 0 0 0
181 4-0192 M 0 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 1 1 0 1 0 0 0 0
182 4-0193 U 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0
183 4-0197 M 0 1 0 1 0 1 0 0 0 1 0 0 0 1 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0
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184 4-0199 P 0 0 0 0 0 1 1 0 0 0 0 1 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 0 0 1 0 1
185 4-0200 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0
186 4-0200a U 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1
187 4-0200b A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 1
188 4-0200c A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 1 0
189 4-0200d T 0 0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0
190 4-0201 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 1
191 4-0203 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 1
192 4-0204 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1 0
193 4-0215 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 1
194 4-0216 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 1
195 4-0218 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 1
196 4-0223 U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1
197 4-0226 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0
198 4-0227 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0
199 4-0228 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0
200 4-0229 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0
201 4-0231 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0
202 4-0232 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0
203 4-0233 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0
204 4-0234 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 1 0
205 4-0235 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 1 0
206 4-0238 E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 1 1 0
207 4-0238a T 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
208 4-0243 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 1 0
209 4-0244 M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 1 0
210 4-0244a T 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 0 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0
211 4-0244b T 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 0 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0
212 4-0244c M 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
213 4-0244d E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 1 0 1 0 0 0 0 0 1 0 0 1 0 1
214 4-0244e T 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0
215 4-0244f T 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0
216 4-0244g T 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
217 4-0244h U 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
218 4-0899 M 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
219 4-0902 U 0 0 0 0 0 1 1 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
220 4-0903 M 0 0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
221 4-0903np A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
222 4-0910 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 1
223 4-0911 M 1 0 0 1 0 1 1 1 0 1 1 0 0 1 0 1 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
224 4-0912 M 0 0 0 1 0 1 1 0 1 1 0 1 1 1 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
225 4-0913 P 0 0 0 1 0 1 1 1 0 0 1 0 1 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 1
226 4-0917 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
227 4-0918 T 0 0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1
228 4-0920 M 1 0 0 1 0 1 1 1 0 1 0 1 0 1 0 0 1 1 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0
229 4-0924 U 0 0 0 0 0 1 0 1 0 0 0 1 0 1 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0
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184 4-0199 P 0 1 0 1 0 0 0 1 0 1 0 0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 0 0 1
185 4-0200 A 1 0 1 1 1 1 0 1 0 1 1 1 0 0 1 0 1 0 0 0 1 0 1 1 1 1 1 1 1 1 0 0 1 0 1 1 0 1 0
186 4-0200a U 0 0 1 1 1 1 0 1 0 1 1 1 0 0 1 0 1 0 0 0 1 0 1 0 1 1 1 1 1 1 0 0 0 0 1 1 0 1 0
187 4-0200b A 0 1 0 1 1 1 0 1 0 1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 1 1 0 0 1 1 0 0 1 0 0 0 0 0 0
188 4-0200c A 0 0 1 1 1 1 0 1 1 0 1 0 0 0 1 0 0 1 0 0 1 0 1 1 0 0 0 0 0 1 0 1 1 0 1 0 0 1 0
189 4-0200d T 0 0 1 1 1 1 0 1 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0
190 4-0201 A 1 0 1 1 1 0 0 1 0 1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 1 1 0 1 1 0 1 0 0 1 0
191 4-0203 A 1 0 1 1 1 0 0 1 0 1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 1 1 0 1 0 0 1 0 0 1 0
192 4-0204 A 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 1 1 0 1 1 1 1 1 0 1 1 0 0 0 0 0 0 0 0 0
193 4-0215 A 1 0 1 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 1 0 1 0 1 0 0 1 0 0 1 0
194 4-0216 A 1 0 1 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 1 0 1 0 1 0 0 0 0 0 1 0
195 4-0218 A 1 0 1 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 1 0 1 0 1 0 0 1 0 0 1 0
196 4-0223 U 0 0 1 1 0 1 1 1 1 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 1 1 0 1 1
197 4-0226 A 1 1 0 1 0 1 1 1 0 1 1 0 0 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 0 1 0 1 0 0 1 1 1 1 1
198 4-0227 A 1 1 0 1 0 1 1 1 0 1 1 0 0 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 0 1 0 1 1 0 1 1 1 1 1
199 4-0228 A 1 0 1 1 0 1 1 1 0 1 1 0 0 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 0 1 0 1 0 0 1 1 1 1 1
200 4-0229 A 1 1 0 1 0 1 1 1 0 1 1 0 0 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 0 1 0 1 0 0 1 1 1 1 1
201 4-0231 A 1 1 0 1 0 1 1 1 0 1 1 0 0 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 0 1 0 1 0 0 1 1 1 1 1
202 4-0232 A 1 1 0 1 0 1 1 1 0 1 1 0 0 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 0 1 0 1 0 0 1 1 1 1 1
203 4-0233 A 0 1 0 1 0 1 1 1 0 1 1 0 0 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 0 1 0 1 0 0 1 1 1 1 1
204 4-0234 A 0 1 0 1 0 1 1 1 0 1 1 0 0 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 0 1 0 1 0 0 1 1 1 1 0
205 4-0235 A 0 1 0 1 0 1 1 1 0 1 1 0 0 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 0 1 0 1 0 0 1 1 1 1 1
206 4-0238 E 1 0 1 0 0 1 1 1 0 1 1 0 0 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 0 1 0 1 0 0 1 1 0 1 0
207 4-0238a T 0 0 1 0 0 1 1 1 1 0 0 1 0 0 1 0 0 0 0 1 1 0 0 0 1 0 0 1 1 1 0 1 0 0 0 1 0 0 0
208 4-0243 A 0 1 0 1 0 1 1 1 0 1 1 0 0 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 0 1 0 1 0 0 1 1 1 1 0
209 4-0244 M 0 1 0 0 0 1 1 1 1 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 1 1 1 1
210 4-0244a T 0 0 1 0 0 1 0 1 1 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 1 1 0 1 1 0 0 1 1 1 0
211 4-0244b T 0 0 1 0 0 1 0 1 1 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 1 1 0 1 1 0 0 1 1 1 0
212 4-0244c M 0 0 1 1 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0
213 4-0244d E 0 0 1 0 0 1 1 1 1 0 1 0 0 0 1 0 0 0 0 1 0 0 1 1 1 0 0 1 1 0 0 0 0 0 1 0 0 0 0
214 4-0244e T 0 0 1 0 0 1 0 1 1 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 1 1 0 0 1 0 1 1 0 0 0
215 4-0244f T 0 1 0 1 0 1 1 1 1 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 1 1 0 1 1 0 0 1
216 4-0244g T 0 0 1 0 0 1 0 1 1 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 1 1 0 1 1 0 0 1 0 0 0
217 4-0244h U 0 0 1 0 0 1 1 1 1 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 1 1 1 0 1 0 0 0
218 4-0899 M 0 1 0 1 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
219 4-0902 U 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 1 1 0 1 1 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0
220 4-0903 M 0 0 1 1 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 1 1 0 0 0 0 0 0 0 1 0 1 0 1 0 1 0 0 0
221 4-0903np A 0 0 1 1 0 0 0 0 1 0 0 0 1 1 0 0 0 1 0 0 1 1 1 0 0 0 0 0 0 1 0 1 0 1 0 1 0 0 0
222 4-0910 A 0 0 1 1 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 1 0 1 1 0 0 0 0 1 1 0 0 1 0 1 0 0 0 0
223 4-0911 M 0 1 0 1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 1 0 1 0 0 0 0
224 4-0912 M 0 0 1 1 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
225 4-0913 P 0 0 1 0 0 0 0 1 1 0 0 0 0 1 0 1 0 0 0 0 1 0 0 0 1 0 0 0 1 1 0 0 0 0 1 0 0 0 0
226 4-0917 A 1 0 1 1 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0
227 4-0918 T 0 0 1 1 1 1 1 1 0 1 1 1 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 1 1 1 0 1 1 0
228 4-0920 M 0 1 0 1 0 0 0 0 1 0 0 0 1 0 1 0 0 1 1 1 0 1 0 0 1 0 0 0 0 1 0 1 1 1 0 0 1 0 0
229 4-0924 U 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 1 1 0 1 1 1 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0
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230 4-0925 U 0 0 0 0 0 1 0 1 0 0 0 1 0 1 0 0 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0
231 4-0930 T 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0
232 4-0931 U 0 0 0 0 0 1 0 1 0 0 0 1 0 1 0 0 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0
233 4-0932 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0
234 4-0933 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 1 0 1
235 4-0934 T 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 1 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1
236 4-0938 U 0 0 0 0 0 1 1 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0
237 4-0940 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 1 1
238 4-0941 U 0 0 0 1 0 1 1 1 0 1 1 0 0 1 0 0 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
239 4-0941a M 0 0 1 1 0 1 1 1 0 1 1 0 0 1 0 0 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
240 4-0950 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
241 4-0951 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 1
242 4-0952 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1
243 5-0005 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 1 0 1
244 5-0006 T 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
245 5-0008 E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 0 1 0 1
246 5-0009 E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 0 0 1 0 0 1 0 1
247 5-0010 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 1 1 1 0 0 1 0 1
248 5-0011 E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 1 1 0
249 5-0012 E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 0 1 0 1
250 5-0013 E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 1 1 0 0 0 0 1 0 0 0 1 0
251 5-0015 E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 1 1 0 0 0 0 0 1 0 1 0 1
252 5-0016 M 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
253 5-0020 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
254 5-0022 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0
255 5-0022np P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0
256 5-0024 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0
257 5-0024np P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 1 1 0
258 5-0026 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0
259 5-0027 P 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0
260 5-0028 M 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
261 5-0029 M 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
262 5-0032 M 0 0 0 1 0 0 1 1 0 0 0 0 0 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
263 5-0033 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 1 0
264 5-0034 U 0 0 0 1 0 1 1 1 0 0 1 0 0 1 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
265 5-0035 U 0 0 1 1 0 1 1 1 0 1 1 1 0 1 0 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
266 5-0036 U 0 0 0 0 0 1 1 1 0 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
267 5-0037 M 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
268 5-0038 M 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
269 5-0039 M 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
270 5-0041 M 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
271 5-0042 M 1 0 1 0 1 1 1 0 1 1 0 1 1 1 1 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0
272 5-0044 M 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
273 5-0045 T 1 0 0 1 0 0 0 1 0 0 1 0 0 1 0 1 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
274 5-0046 M 0 1 0 0 1 1 1 0 1 1 0 1 1 1 1 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
275 5-0047 M 0 0 0 1 0 1 1 1 0 1 0 0 1 1 0 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
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230 4-0925 U 0 1 0 1 0 0 0 0 1 0 0 0 1 1 0 0 1 1 0 1 1 1 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0
231 4-0930 T 0 0 1 0 0 0 0 0 1 0 0 0 1 1 0 0 1 1 0 1 1 1 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0
232 4-0931 U 0 1 0 1 0 0 0 0 1 0 0 0 1 1 0 0 1 1 0 1 1 1 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0
233 4-0932 A 0 0 1 1 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 1 0 1 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0
234 4-0933 A 0 1 0 1 0 0 0 0 0 1 0 0 1 0 1 0 0 0 1 0 0 0 1 1 0 0 0 0 1 1 0 0 0 0 1 0 0 0 0
235 4-0934 T 0 1 0 1 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 1 0
236 4-0938 U 0 0 1 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0
237 4-0940 A 0 0 1 1 0 0 0 0 0 1 0 0 1 0 1 0 0 1 0 0 1 0 1 1 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0
238 4-0941 U 0 1 0 1 0 0 0 0 1 0 1 0 1 1 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 1 1 0 0 0 1 0
239 4-0941a M 0 1 0 1 0 0 0 0 1 0 1 0 1 1 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 1 1 0 0 0 1 0
240 4-0950 A 0 0 1 1 0 0 0 0 0 1 0 1 1 0 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0
241 4-0951 A 0 1 0 1 0 0 0 0 1 0 0 0 1 0 1 0 0 1 0 0 1 1 1 1 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0
242 4-0952 A 0 1 0 0 0 0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 1 1 0 0 0 0 1 1 0 0 0 1 0 0 1 0 0
243 5-0005 A 1 1 0 1 0 1 1 1 1 0 1 1 0 0 1 0 0 0 0 0 0 0 1 1 0 0 1 0 1 1 0 1 0 0 1 0 0 0 0
244 5-0006 T 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0
245 5-0008 E 0 1 0 0 1 1 1 0 1 0 1 1 0 0 1 0 0 0 0 0 1 0 1 1 0 0 0 0 0 1 0 1 0 0 0 1 1 1 1
246 5-0009 E 0 0 1 0 0 1 0 1 1 0 1 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 1 1 1 0 1 0 0 1 1 0 0 0
247 5-0010 P 0 0 1 0 0 0 0 1 1 0 0 0 0 1 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0
248 5-0011 E 0 0 1 1 0 0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 1 1 0 0 0 0 1 1 0 0 0 0 1 1 0 0 0
249 5-0012 E 0 1 0 0 1 1 1 0 1 0 1 1 0 0 1 0 0 0 0 0 1 0 1 1 0 0 0 0 0 1 0 1 0 0 1 1 0 0 1
250 5-0013 E 1 0 1 1 0 0 0 0 1 0 0 0 1 0 1 0 0 1 0 0 1 0 1 1 0 0 0 0 0 1 0 1 0 0 1 1 0 0 0
251 5-0015 E 1 0 1 1 0 0 1 1 0 1 1 0 0 0 0 0 0 0 0 1 0 0 1 1 0 1 1 0 1 1 0 1 1 0 1 1 0 0 0
252 5-0016 M 0 0 1 1 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0 0 0 0
253 5-0020 A 1 1 0 1 0 0 0 1 1 0 1 0 1 0 1 0 0 1 0 0 1 0 1 1 1 0 0 0 0 1 0 0 0 1 0 0 1 1 0
254 5-0022 A 0 1 0 0 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0
255 5-0022np P 0 1 0 0 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0
256 5-0024 A 0 0 1 0 0 0 0 1 0 1 1 0 0 1 0 1 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0
257 5-0024np P 0 0 1 0 0 0 0 1 0 1 1 0 0 1 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0
258 5-0026 P 0 1 0 0 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
259 5-0027 P 0 0 1 0 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0
260 5-0028 M 0 0 1 0 0 0 0 0 0 1 0 0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 0
261 5-0029 M 0 0 1 0 0 0 0 0 0 1 0 0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 0
262 5-0032 M 0 0 1 0 0 0 0 0 0 1 0 0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0
263 5-0033 P 0 0 1 1 0 0 0 0 0 1 0 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0 1 1 0
264 5-0034 U 1 0 1 0 0 0 0 1 1 0 1 0 1 0 1 0 0 0 1 0 0 0 0 0 0 1 1 0 1 1 0 1 0 1 0 0 1 0 0
265 5-0035 U 0 0 1 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 1 0 1 1 0 1 0 1 0 0 0 0 0
266 5-0036 U 0 0 1 0 1 1 0 1 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 1 0 1 1 0 1 0 0 1 0 0 0 0
267 5-0037 M 0 0 1 0 0 0 0 1 0 1 0 0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 0
268 5-0038 M 0 0 1 0 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0
269 5-0039 M 0 0 1 0 0 0 0 1 0 1 0 0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0 1 0 0
270 5-0041 M 0 0 1 0 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0
271 5-0042 M 0 0 1 1 0 0 0 0 1 0 1 1 1 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 1 1 1 0 0 1 1 0
272 5-0044 M 0 0 1 0 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0
273 5-0045 T 0 0 1 1 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
274 5-0046 M 1 0 1 0 1 1 0 1 1 0 1 1 0 0 1 0 0 0 0 1 0 0 1 0 0 1 1 0 1 0 1 1 1 0 0 0 0 1 0
275 5-0047 M 0 0 1 0 0 0 0 1 0 1 0 0 1 1 0 1 0 0 0 0 1 1 0 1 0 0 0 0 0 1 0 1 0 1 1 0 1 1 0
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276 5-0066 P 1 0 1 1 0 1 1 1 0 1 1 0 0 1 0 1 1 1 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 1 0
277 5-0066np A 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
278 5-0071 M 1 0 1 1 0 0 0 0 0 0 1 0 0 1 1 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
279 5-0072 U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 1
280 5-0073 U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 1
281 5-0073a T 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
282 5-0073b T 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
283 5-0073c A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 1
284 5-0073d T 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
285 5-0074 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 1
286 5-0074a E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 1 0 1
287 5-0075 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 1
288 5-0077 E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 1 0 0 0 0 0 0 1 0 0 1 0 1
289 5-0078 M 1 0 0 1 0 0 0 0 0 0 1 0 0 1 0 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
290 5-0079 M 1 0 0 1 0 0 0 0 0 0 1 0 0 1 0 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
291 5-0079a T 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
292 5-0079b A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 1 0 0 0 0 0 0 0 1 0 0 1 0 1
293 5-0080 E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 1 0 0 0 0 0 1 0 0 1 0 1
294 5-0081 E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 1 0 0 0 0 0 1 0 0 1 0 1
295 5-0082 E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 1 0 0 0 0 0 1 0 0 1 0 1
296 5-0083 P 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0
297 5-0084 P 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0
298 5-0084a P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0
299 5-0084b M 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
300 5-0084c U 0 0 0 0 0 1 1 1 0 0 1 0 0 0 0 0 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
301 5-0084e M 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
302 5-0087 U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0
303 5-0088 U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0
304 5-0089 T 1 0 0 1 0 0 0 0 0 0 1 0 0 1 0 1 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0
305 5-0089a T 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
306 5-0089b T 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
307 5-0090 T 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0
308 5-0091 U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0
309 5-0092 U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0
310 5-0093 M 1 0 0 0 1 1 1 0 1 1 0 1 1 1 0 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0
311 5-0094 M 1 0 0 0 1 1 1 0 1 1 0 1 1 1 0 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0
312 5-0095 T 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0
313 5-0097 M 1 0 0 0 1 1 1 0 1 1 0 1 1 1 0 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0
314 5-0098 P 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 0 0 0 1 0
315 5-0099 M 1 0 0 0 1 1 1 0 1 1 0 1 1 1 0 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0
316 5-0099a M 0 0 0 0 1 1 1 0 1 1 0 1 1 1 0 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0
317 5-0100 M 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
318 5-0102 U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
319 5-0103 P 0 1 0 0 1 1 1 0 1 1 1 0 1 1 0 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 0 0 0 1 0
320 5-0103a A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
321 5-0105 M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0
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276 5-0066 P 0 1 0 0 0 0 0 0 1 0 0 1 1 1 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 1 0 0 1 1 0
277 5-0066np A 0 1 0 0 0 0 0 0 1 0 0 1 1 1 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 1 0 0 1 1 0
278 5-0071 M 0 1 0 1 0 1 0 0 1 0 1 1 1 1 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 1
279 5-0072 U 0 1 0 1 1 1 1 0 1 0 1 1 1 0 1 0 0 0 0 1 1 0 0 0 0 0 1 0 0 1 0 1 0 0 1 1 0 0 1
280 5-0073 U 0 1 0 1 1 1 1 0 1 0 1 1 1 0 1 0 0 0 0 1 1 0 0 0 0 0 1 0 0 1 0 1 0 0 1 0 0 0 1
281 5-0073a T 0 0 1 0 1 1 1 1 1 0 1 1 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 1 0 0 1 1 0 0 1
282 5-0073b T 0 0 1 0 1 1 1 1 1 0 1 1 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 1 0 0 1 1 0 0 1
283 5-0073c A 0 0 1 0 1 1 1 1 1 0 1 1 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 1 0 0 1 1 0 0 1
284 5-0073d T 0 0 1 0 1 1 1 1 1 0 1 1 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 1 0 0 1 1 0 0 1
285 5-0074 A 0 1 0 1 1 1 1 0 1 0 1 1 1 0 1 0 0 0 0 1 1 0 0 0 0 0 1 0 0 1 0 1 0 0 1 1 0 0 1
286 5-0074a E 0 0 1 0 1 1 1 1 1 0 1 1 1 0 1 0 0 0 0 1 1 0 1 1 0 0 1 0 0 1 0 1 0 0 1 0 0 0 1
287 5-0075 A 0 1 0 1 1 1 1 0 1 0 1 1 1 0 1 0 0 0 0 1 1 0 0 0 0 0 1 0 0 1 0 1 0 1 0 0 0 1 0
288 5-0077 E 0 1 0 1 1 0 0 1 0 1 1 1 1 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0 1 1 0 0 0 1 1 1 1 0 0
289 5-0078 M 0 1 0 1 0 1 0 0 1 0 1 1 1 1 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 1
290 5-0079 M 0 1 0 1 0 1 0 0 1 0 1 1 1 1 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 1 1 0 0
291 5-0079a T 0 0 1 1 0 1 0 1 0 1 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 1 1 1 0 0
292 5-0079b A 0 0 1 1 0 1 0 1 1 0 0 1 0 0 1 0 0 0 0 0 1 0 1 1 1 0 0 0 1 1 0 0 0 0 1 0 0 0 0
293 5-0080 E 0 1 0 1 0 1 1 1 1 0 1 1 0 0 1 0 0 0 0 0 1 0 1 1 0 0 1 0 1 1 0 1 1 0 0 1 0 0 0
294 5-0081 E 0 1 0 1 0 1 1 1 1 0 1 1 0 0 1 0 0 0 0 0 1 0 1 1 0 0 1 0 1 1 0 1 1 0 1 1 0 1 0
295 5-0082 E 0 1 0 1 0 1 1 1 1 0 1 1 0 0 1 0 0 0 0 0 1 0 1 1 0 0 1 0 1 1 0 1 1 0 1 1 0 1 0
296 5-0083 P 0 0 1 1 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 1 0 0 0
297 5-0084 P 0 0 1 1 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 0
298 5-0084a P 0 1 0 1 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 0
299 5-0084b M 0 0 1 1 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 0
300 5-0084c U 0 0 1 0 0 0 0 0 1 0 0 0 1 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 0
301 5-0084e M 0 0 1 0 0 0 0 0 1 0 0 0 1 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 0
302 5-0087 U 0 0 1 1 1 1 0 1 1 0 1 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 0 0 1 0 0 0 1
303 5-0088 U 0 0 1 1 1 1 0 1 1 0 1 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 0 0 1 0 0 0 1
304 5-0089 T 0 0 1 1 1 1 0 1 1 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0
305 5-0089a T 0 0 1 1 1 1 0 1 1 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0
306 5-0089b T 0 0 1 1 1 1 0 1 1 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0
307 5-0090 T 0 1 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
308 5-0091 U 0 1 0 1 1 1 1 1 1 0 1 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 0 0 1 0 0 0 1
309 5-0092 U 0 1 0 1 0 1 0 1 1 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 0 0 1 0 0 0 1
310 5-0093 M 0 1 0 0 0 0 1 0 1 0 1 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 0 1 0 0 0 0 0
311 5-0094 M 0 1 0 0 0 0 1 0 1 0 1 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 0 1 0 0 0 0 0
312 5-0095 T 0 1 0 1 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
313 5-0097 M 0 1 0 0 0 0 1 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 0 0 1 0 0 0 0
314 5-0098 P 0 1 0 1 0 0 1 0 1 0 1 0 1 1 0 1 0 1 0 0 1 0 0 0 1 0 0 0 0 1 0 1 0 1 0 0 1 0 1
315 5-0099 M 0 1 0 0 0 0 1 0 1 0 1 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 0 1 0 0 0 0 0
316 5-0099a M 0 1 0 0 0 0 1 0 1 0 1 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 0 1 0 0 0 0 0
317 5-0100 M 0 1 0 1 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
318 5-0102 U 0 1 0 0 0 0 0 1 0 0 1 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 1 1
319 5-0103 P 0 0 1 1 0 0 1 0 1 0 1 1 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0 1 1 1
320 5-0103a A 0 0 1 1 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 1 1 1 0 0 1 1 0
321 5-0105 M 0 0 1 1 0 0 0 0 1 0 1 1 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
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322 5-0106 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
323 5-0107 T 1 0 0 1 0 0 0 1 0 1 1 0 1 1 0 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
324 5-0108 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0
325 5-0108a A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0
326 5-0109 P 1 0 1 1 0 0 1 1 0 1 1 0 1 1 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0
327 5-0109np A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
328 5-0110 M 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
329 5-0110a U 0 0 0 1 0 1 1 1 0 0 0 1 1 1 0 0 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0
330 5-0111 T 0 0 0 0 0 0 0 1 0 1 1 0 1 1 0 1 1 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
331 5-0112 U 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
332 5-0113 M 0 1 1 0 1 1 1 0 1 1 0 1 1 1 0 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0
333 5-0114 M 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0
334 5-0126 M 1 0 1 0 0 0 0 1 0 1 1 0 1 1 0 1 1 1 1 0 1 0 0 0 1 1 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 1
335 5-0131 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 1 0
336 5-0205 P 0 0 0 0 0 1 1 0 1 1 0 1 1 1 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 1 0
337 5-0205a T 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
338 5-0205b T 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
339 5-0205c P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 1 0
340 5-0205d A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 1 0 0 0 0 0 0 0 0 1 0 0 1 0 1
341 5-0205e M 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
342 5-0205f M 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
343 5-0205g T 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
344 5-0233 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
345 5-0250 E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 1 1 0 0 0 0 1 0 0 1 0 1
346 5-0250a A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 1 0 1
347 5-0260 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0
348 5-0276 M 0 0 0 1 0 1 1 0 1 1 0 1 1 1 1 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0
349 5-0295 P 0 0 0 0 0 1 1 1 0 0 1 0 0 1 0 0 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 1 0
350 5-0296 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 1 0
351 5-0338 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 1 0 1
352 5-0339 P 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 1 0
353 5-0434 P 0 0 0 0 0 1 1 1 0 1 1 0 0 1 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 1 0
354 5-0434np A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
355 5-0449 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 1
356 5-0607 T 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0
357 5-0632 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
358 5-0633 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
359 5-0735 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
360 5-0736 M 0 0 1 1 0 1 1 1 0 1 1 0 1 1 0 0 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
361 5-0737 M 0 0 1 1 0 1 1 1 0 1 1 0 1 1 0 0 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
362 5-0807 M 0 0 0 0 0 0 1 1 0 1 1 0 0 1 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
363 5-0838 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
364 5-0859 M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
365 5-0860 M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
366 5-0861 M 0 0 0 1 0 1 1 1 0 1 1 0 1 1 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
367 5-0893 M 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0
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322 5-0106 A 1 0 1 1 0 0 0 0 1 0 1 0 1 0 1 0 0 1 0 0 1 0 1 1 1 0 0 0 0 1 0 1 1 1 0 0 1 1 1
323 5-0107 T 0 0 1 1 0 0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 1 1 0 0 1 0 0
324 5-0108 P 0 0 1 1 0 0 1 0 1 0 1 1 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 1 0 0
325 5-0108a A 0 1 0 1 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 1 1 1 0 0 1 1 0
326 5-0109 P 0 1 0 1 0 0 0 0 1 0 1 1 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0 1 0 0
327 5-0109np A 0 1 0 1 0 0 0 0 1 0 1 1 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0 1 0 0
328 5-0110 M 0 1 0 1 0 0 0 0 1 0 1 1 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0 1 0 0
329 5-0110a U 0 0 1 1 0 1 1 1 1 0 1 0 1 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 1 1 1 0 0 1 0
330 5-0111 T 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 1 0 1 1 0 0 0 0 0 1
331 5-0112 U 1 0 1 0 0 0 1 0 1 0 1 1 1 1 0 0 1 1 0 0 1 0 0 0 1 0 0 0 0 1 0 1 1 1 0 0 1 0 0
332 5-0113 M 0 0 1 1 0 0 1 1 1 0 1 0 1 0 1 0 1 0 0 1 1 0 0 0 0 0 0 0 1 1 0 1 1 1 1 0 1 0 0
333 5-0114 M 0 1 0 1 0 0 0 0 1 0 1 1 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 1 0 0
334 5-0126 M 0 1 0 1 1 1 1 1 1 0 1 1 1 1 0 0 0 0 0 0 1 0 0 1 0 0 1 0 1 1 0 1 0 1 1 1 0 0 1
335 5-0131 P 0 0 1 1 0 0 0 0 0 1 1 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1
336 5-0205 P 0 0 1 0 0 0 1 0 0 1 0 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1
337 5-0205a T 0 0 1 0 1 1 1 1 1 0 1 1 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 1 0 0 1 1 0 0 1
338 5-0205b T 0 0 1 1 0 0 0 0 0 1 1 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 0
339 5-0205c P 0 0 1 1 0 0 0 0 0 1 1 0 1 1 0 1 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 1 0 1 0 0 1 0 0
340 5-0205d A 0 0 1 1 0 1 1 1 1 0 1 0 1 0 1 0 0 0 0 0 1 0 1 1 1 0 0 0 1 1 0 1 0 0 1 1 0 0 1
341 5-0205e M 0 0 1 1 0 0 0 0 0 1 1 0 1 1 0 1 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 1 0 1 0 0 1 0 0
342 5-0205f M 0 0 1 1 0 0 0 0 0 1 1 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0
343 5-0205g T 0 0 1 0 1 1 1 1 1 0 1 1 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 1 0 0 1 1 0 0 1
344 5-0233 A 1 0 1 1 0 0 0 0 0 1 0 0 1 0 1 0 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 1 0 1 1 0 1 1 0
345 5-0250 E 1 0 1 0 1 1 1 1 1 0 1 1 0 0 0 0 1 0 0 1 0 0 1 1 0 0 1 1 1 0 1 1 0 0 1 1 0 1 0
346 5-0250a A 1 0 1 0 1 1 1 1 1 0 1 1 0 0 0 0 1 0 0 1 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0 1 0
347 5-0260 A 1 0 1 1 0 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0
348 5-0276 M 0 1 0 1 0 0 0 0 0 1 0 0 1 1 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 1 0 1 0 1 1 0 1 1 0
349 5-0295 P 0 1 0 1 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 1 0
350 5-0296 P 0 0 1 1 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0
351 5-0338 P 0 1 0 1 0 0 0 1 0 1 1 0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0
352 5-0339 P 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0 0 1 0
353 5-0434 P 1 0 1 1 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 1 0 1 0 0 0 0 0 0 1 0 1 0 1 0 0 1 1 0
354 5-0434np A 1 0 1 1 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 1 0 1 0 0 0 0 0 0 1 0 1 0 1 0 0 1 1 0
355 5-0449 P 0 1 0 1 0 0 0 1 0 1 1 0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0
356 5-0607 T 0 0 0 0 0 0 0 1 1 0 0 0 1 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
357 5-0632 A 0 1 0 1 0 0 0 0 1 0 0 0 1 0 1 0 0 1 0 0 1 0 1 1 0 0 0 0 0 1 0 0 0 1 0 0 1 1 0
358 5-0633 A 0 0 1 1 0 0 0 0 1 0 0 0 1 0 1 0 0 1 0 0 1 0 1 1 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0
359 5-0735 A 0 1 0 1 0 0 0 0 0 1 0 0 1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 1 0 0 1 0
360 5-0736 M 0 1 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 1 0
361 5-0737 M 0 1 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 1 0
362 5-0807 M 0 1 0 1 0 0 0 1 0 1 1 0 0 1 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 0
363 5-0838 A 0 1 0 1 0 0 0 0 0 1 1 0 1 0 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0
364 5-0859 M 0 0 1 1 0 0 0 0 0 1 1 0 1 0 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 1 1 0
365 5-0860 M 1 0 1 1 0 0 0 0 1 0 1 0 1 0 1 0 0 1 0 0 1 0 1 1 0 0 0 0 0 1 0 1 0 1 0 0 1 1 0
366 5-0861 M 0 0 1 1 0 1 0 1 1 0 1 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 1 1 0 1 0 1 0 0 1 1 0
367 5-0893 M 0 1 0 1 0 0 0 1 0 1 0 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
Appendix A  BMNP Project Variables and Matrix 333 
 
SA
S 
C
od
e 
N
um
be
r
BM
N
P 
Si
te
 ID
*
Si
te
 C
la
ss
 C
od
e*
*
Pt
Bd
le
5
Pt
Bd
g5
Ax
es
To
ol
le
5
To
ol
g5
C
or
es
C
or
te
x
Lg
Fk
le
5
Lg
Fk
g5
Lg
M
dF
ks
Sm
Fk
le
5
Sm
Fk
g5
Sm
M
dF
ks
W
st
eF
kg
2
G
eo
M
ic
R
et
_U
se
M
SC
_F
ks
Q
_F
ks
B_
Fk
sC
ob
O
ch
re
C
om
pl
xF
k
C
ls
te
rF
k
Sc
tte
rF
k
IF St
nA
rg
AG
G
le
5
AG
G
l5
g2
0
AG
G
ge
20
AG
lin
e
AG
cl
us
tr
AG
dp
le
15
AG
dp
g1
5
Eg
vl
e2
Eg
vg
2
Eg
vm
2m
2m
St
en
ci
ls
Pt
gl
e2
Pt
gg
2
Pt
gm
2m
2m
El
v_
60
0
El
v6
_8
El
v_
80
0
H
hR
eE
lv
H
2O
10
0
H
2O
1_
5
368 5-0896 T 0 0 1 0 0 0 0 1 0 0 1 0 0 1 0 1 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
369 5-0896a T 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
370 5-0897 T 0 0 0 0 0 0 0 1 0 0 1 0 0 1 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
371 5-0898 U 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0
372 5-0900 M 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
373 5-0901 U 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0
374 5-0902 M 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
375 5-0915 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 1
376 5-0917 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1
377 5-0918 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1
378 5-0968 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
379 5-0974 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
380 5-2042 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
381 5-2043 M 0 0 1 0 1 1 1 0 1 1 0 1 1 1 0 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
382 5-2049 M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0
383 5-2052 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0
384 5-2271 M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 1
385 5-2273 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 1 0 0 1 0 1
386 5-2323 U 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
387 5-2324 P 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0
388 5-2325 P 0 0 0 0 0 1 1 1 0 0 1 0 0 1 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 1 0
389 5-2326 U 0 0 0 0 0 1 1 0 0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
390 5-2327 A 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0
391 5-2328 M 1 0 0 0 0 1 1 1 0 1 0 0 0 1 0 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
392 5-2329 M 1 0 0 0 0 1 1 1 0 0 0 0 1 1 1 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
393 5-2330 M 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
394 5-2331 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 1 0
395 5-2332 U 0 0 0 0 0 1 1 0 1 0 0 1 1 1 1 1 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
396 5-2333 U 0 0 0 0 0 1 1 1 0 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
397 5-2334 U 0 0 0 0 0 1 1 1 0 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
398 5-2335 M 0 0 0 0 0 1 0 1 0 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
399 5-2336 M 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
400 5-2337 P 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 1 0
401 5-2338 T 1 0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0
402 5-2339 U 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
403 5-2340 M 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
404 5-2341 M 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
405 5-2342 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0
406 5-2368 M 1 0 0 1 0 1 1 0 1 1 0 1 1 1 1 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
407 5-2370 T 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0
408 5-2420 P 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 1 0
409 5-2421 U 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
410 5-2422 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0
411 5-2441 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
412 5-2442 P 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0
413 5-2445 U 0 0 0 0 0 1 1 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
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368 5-0896 T 0 0 1 1 1 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 1 0 1 0 0 0 1
369 5-0896a T 0 0 1 1 1 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 1 0 1 0 0 0 1
370 5-0897 T 0 0 1 1 1 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 1 0 1 0 0 0 0
371 5-0898 U 0 1 0 1 0 0 0 0 1 0 0 1 1 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0 0 0 0
372 5-0900 M 0 0 1 0 0 1 0 0 0 1 0 1 1 1 0 1 1 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0
373 5-0901 U 0 1 0 1 0 0 0 0 1 0 0 1 1 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0 0 0 0
374 5-0902 M 0 0 1 0 0 1 0 0 0 1 0 1 1 1 0 1 1 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0
375 5-0915 A 0 1 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 1 0 1 1 0 0 0 0 0 1 0
376 5-0917 P 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0 0
377 5-0918 P 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0 0
378 5-0968 A 0 1 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 1 0 1 1 0 0 0 0 0 1 0 1 1 0 1 0 0 1 0
379 5-0974 A 0 0 1 0 0 0 0 0 0 1 0 1 1 1 0 0 0 1 0 0 1 0 1 1 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0
380 5-2042 A 0 1 0 1 0 0 0 1 0 1 0 1 0 0 1 1 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 1 1 0
381 5-2043 M 0 0 1 0 0 0 0 0 1 0 1 0 1 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0
382 5-2049 M 0 0 1 0 0 1 0 0 0 1 0 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 0
383 5-2052 P 0 1 0 1 0 0 0 0 1 0 1 0 1 1 0 1 0 1 0 0 1 0 0 0 1 0 0 0 0 1 0 1 0 1 0 1 1 1 0
384 5-2271 M 0 1 0 1 0 0 0 1 0 1 0 0 0 1 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0
385 5-2273 A 1 1 0 0 0 0 0 1 0 1 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 1 1 0 1 0 0 1 1
386 5-2323 U 0 0 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 0
387 5-2324 P 0 0 1 0 0 0 0 0 1 0 1 0 1 1 0 1 1 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 0
388 5-2325 P 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 0
389 5-2326 U 0 0 1 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0
390 5-2327 A 0 1 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 1 0 1 0 1 0 0 1 0 0
391 5-2328 M 0 0 1 0 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0
392 5-2329 M 0 0 1 0 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0
393 5-2330 M 0 1 0 1 0 0 1 0 0 1 0 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0
394 5-2331 P 0 0 1 0 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0
395 5-2332 U 0 0 1 1 0 0 0 0 1 0 1 0 1 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0 1 1 1 0 0 0 0 0
396 5-2333 U 0 1 0 1 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0
397 5-2334 U 0 1 0 1 0 0 0 0 1 0 1 0 1 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0 1 1 1 0 0 1 0 0
398 5-2335 M 0 0 1 1 0 0 0 0 0 1 1 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0 1 0 0
399 5-2336 M 0 0 1 1 0 0 0 0 0 1 1 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0 1 0 0
400 5-2337 P 0 1 0 0 0 0 0 0 1 0 1 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0 1 0 0
401 5-2338 T 0 0 1 0 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 1 0
402 5-2339 U 0 0 1 1 0 0 0 1 0 1 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 1 0 1 0 0 0 0 0
403 5-2340 M 0 0 1 0 0 0 0 0 0 1 0 0 1 1 0 1 0 1 0 0 1 1 0 0 0 0 0 0 0 1 0 1 0 1 1 0 1 0 0
404 5-2341 M 0 0 1 0 0 0 0 0 0 1 0 0 1 1 0 1 0 1 0 0 1 1 0 0 0 0 0 0 0 1 0 1 0 1 1 0 1 0 0
405 5-2342 A 1 0 1 1 0 0 0 0 0 1 0 0 1 1 0 0 0 1 0 0 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 1 0 0
406 5-2368 M 0 0 1 0 0 0 0 0 1 0 1 0 1 0 1 0 0 1 0 0 1 1 0 0 0 0 0 0 0 1 0 1 1 1 0 0 1 1 0
407 5-2370 T 0 0 1 1 0 0 0 1 0 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
408 5-2420 P 0 0 1 0 0 0 0 0 1 0 1 1 1 1 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 1 0 0
409 5-2421 U 0 0 1 0 0 0 0 1 1 0 1 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 1 0 0
410 5-2422 P 0 0 1 0 0 0 0 0 1 0 1 1 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0
411 5-2441 A 0 0 1 1 0 0 0 0 1 0 0 1 1 0 0 0 0 1 0 0 1 1 1 1 0 0 0 0 0 1 0 1 0 0 0 0 1 0 0
412 5-2442 P 0 0 1 1 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 1 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0
413 5-2445 U 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 1 0 0 1 1 0 1 0 0 0 0 0 1 0 1 0 0 1 0 1 0 0
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414 5-2446 M 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
415 5-2452 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0
416 5-2454 U 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
417 5-2485 P 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 1 0
418 5-2486 A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 1
Totals 38 6 21 51 19 81 122 117 40 56 117 65 54 175 31 51 185 159 70 10 44 46 124 10 14 60 72 27 71 102 68 90 4 23 10 25 9 44 10 280 44 94 222 247 162
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414 5-2446 M 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 1 0 0 1 1 0 1 0 0 0 0 0 1 0 1 0 0 1 0 1 0 0
415 5-2452 A 0 0 1 1 0 0 0 0 1 0 0 0 1 0 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0
416 5-2454 U 0 0 1 0 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 1 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0
417 5-2485 P 0 1 0 1 0 1 1 1 0 1 0 0 1 1 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 1 0 1 0 0 0 0 1 0 0
418 5-2486 A 1 0 1 0 0 1 1 0 0 1 1 0 1 0 1 0 0 0 0 1 1 0 1 1 0 0 0 0 0 1 0 1 1 0 0 0 1 0 0
Totals 65 161 250 260 101 159 84 182 289 121 209 112 236 190 168 144 66 151 69 100 311 40 138 183 152 61 75 34 136 387 24 286 90 203 218 87 117 151 60
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Appendix B  BMNP Project Frequency Descriptions 
This appendix contains the general frequency tables used in the BMNP Project.  The SAS codes used 
to analyse BMNP Project frequencies are also listed as well as a select extraction of crosstable results.  
 
2.1  General Frequency Tables 
 
The tables in this section are separated by general site class categories (chapter 6, part II).  The 
‘BMNP’ category is the accumulated total.  SC% is the percentage of a variable present within an 
individual site class/category. 
 
Site Class Categories: 
1.  AGG – open sites consisting primarily of axe grinding grooves. 
2.  Engrave – open sites consisting primarily of engravings. 
3.  Multidim – shelter sites and/or evidence of heavy occupation. 
4.  Paintings – shelter sites with pigment art. 
5.  Transit – open sites consisting primarily of light occupation material in open locations. 
6.  Unidim – open sites consisting primarily of one type of flaked stone artefact. 
 
Table 2:  BMNP general frequency tables by basic category (SC% refers to the percentage of a variable within an 
individual site class). 
 
Variable
Lithic by Frequency 131 SC% 24 SC% 108 SC% 53 SC% 51 SC% 51 SC% 418 SC%
1 Points/Blades<=5 1 1% 0 0% 30 28% 2 4% 5 10% 0 0% 38 9%
2 Points/Blades>5 0 0% 0 0% 4 4% 2 4% 0 0% 0 0% 6 1%
3 Axes 2 2% 0 0% 12 11% 2 4% 4 8% 1 2% 21 5%
4 Tools misc<=5 1 1% 0 0% 30 28% 6 11% 7 14% 7 14% 51 12%
5 Tools misc>5 0 0% 0 0% 16 15% 2 4% 0 0% 1 2% 19 5%
6 Cores 0 0% 0 0% 45 42% 11 21% 0 0% 25 49% 81 19%
7 Cortex 3 2% 0 0% 62 57% 18 34% 0 0% 34 67% 122 29%
8 Large flakes<=5 (>20mm) 3 2% 0 0% 49 45% 14 26% 19 37% 32 63% 117 28%
9 Large flakes>5 0 0% 0 0% 29 27% 3 6% 4 8% 4 8% 40 10%
10 Large modified flakes 0 0% 0 0% 39 36% 7 13% 4 8% 6 12% 56 13%
11 Small flakes<=5 (<20mm) 6 5% 0 0% 51 47% 17 32% 19 37% 24 47% 117 28%
12 Small flakes>5 1 1% 1 4% 31 29% 5 9% 15 29% 12 24% 65 16%
13 Small modified flakes 0 0% 1 4% 38 35% 5 9% 6 12% 4 8% 54 13%
14 Waste flakes>2 4 3% 1 4% 79 73% 20 38% 40 78% 31 61% 175 42%
15 Geometric microliths 1 1% 0 0% 16 15% 0 0% 11 22% 3 6% 31 7%
16 Retouch/Usewear 0 0% 0 0% 32 30% 3 6% 13 25% 3 6% 51 12%
Variable
Raw Material by Frequency 131 SC% 24 SC% 108 SC% 53 SC% 51 SC% 51 SC% 418 SC%
17 Mudstone/ Chert/ Silcrete flakes 7 5% 1 4% 91 84% 23 43% 30 59% 33 65% 185 44%
18 Quartz flakes 3 2% 1 4% 69 64% 18 34% 44 86% 24 47% 159 38%
19 Basalt flakes/cobbels 17 13% 0 0% 22 20% 4 8% 14 27% 13 25% 70 17%
20 Ochre nodules 0 0% 0 0% 3 3% 6 11% 1 2% 0 0% 10 2%
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Variable
Site Structure by Frequency 131 SC% 24 SC% 108 SC% 53 SC% 51 SC% 51 SC% 418 SC%
21 Complex (tools, flakes) 0 0% 0 0% 30 28% 6 11% 3 6% 5 10% 44 11%
22 Cluster (tools, flakes) 0 0% 1 4% 28 26% 12 23% 5 10% 0 0% 46 11%
23 Scatter (tools, flakes) 4 3% 1 4% 40 37% 6 11% 39 76% 34 67% 124 30%
24 Isolated find 2 2% 0 0% 1 1% 0 0% 6 12% 1 2% 10 2%
25 Stone arrangment 0 0% 0 0% 1 1% 0 0% 1 2% 12 24% 14 3%
Variable
Axe Grinding Features by 
Frequency 131 SC% 24 SC% 108 SC% 53 SC% 51 SC% 51 SC% 418 SC%
26 AGG<=5 44 34% 10 42% 4 4% 1 2% 1 2% 0 0% 60 14%
27 AGG>5<20 66 50% 2 8% 1 1% 1 2% 0 0% 2 4% 72 17%
28 AGG>=20 21 16% 6 25% 0 0% 0 0% 0 0% 0 0% 27 6%
29 AGG linerer complex 58 44% 10 42% 1 1% 0 0% 0 0% 2 4% 71 17%
30 AGG clustered complex 89 68% 8 33% 3 3% 2 4% 0 0% 0 0% 102 24%
31 AGG depth<=15mm 53 40% 11 46% 1 1% 1 2% 0 0% 2 4% 68 16%
32 AGG depth>15mm 78 60% 8 33% 3 3% 1 2% 0 0% 0 0% 90 22%
Variable
Engravings, Paintings and 
Drawings by Frequency 131 SC% 24 SC% 108 SC% 53 SC% 51 SC% 51 SC% 418 SC%
33 Engravings<=2 0 0% 4 17% 0 0% 0 0% 0 0% 0 0% 4 1%
34 Engravings>2 0 0% 20 83% 3 3% 0 0% 0 0% 0 0% 23 6%
35 Engravings>2&<=2 motifs 0 0% 8 33% 2 2% 0 0% 0 0% 0 0% 10 2%
36 Hand stencils 0 0% 0 0% 11 10% 14 26% 0 0% 0 0% 25 6%
37 Paintings/Drawings<=2 0 0% 0 0% 0 0% 9 17% 0 0% 0 0% 9 2%
38 Paintings/Drawings>2 0 0% 0 0% 0 0% 44 83% 0 0% 0 0% 44 11%
39
Paintings/Drawings>2&<=2 
motifs 0 0% 0 0% 0 0% 10 19% 0 0% 0 0% 10 2%
Variable
Elevation and Distance to 
Water by Frequency 131 SC% 24 SC% 108 SC% 53 SC% 51 SC% 51 SC% 418 SC%
40 Elevation<600m 65 50% 14 58% 82 76% 46 87% 38 75% 35 69% 280 67%
41 Elevation>600m<800m 17 13% 5 21% 11 10% 2 4% 3 6% 6 12% 44 11%
42 Elevation>800m 49 37% 5 21% 15 14% 5 9% 10 20% 10 20% 94 22%
43 High relative elevation 89 68% 21 88% 43 40% 12 23% 32 63% 25 49% 222 53%
44 Water<100m 61 47% 6 25% 81 75% 43 81% 23 45% 33 65% 247 59%
45 Water>100m<500m 64 49% 18 75% 27 25% 11 21% 25 49% 17 33% 162 39%
46 Wells>2=<10m 43 33% 9 38% 6 6% 1 2% 1 2% 5 10% 65 16%
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Variable
Topographic Relations and 
Orientation by Frequency 131 SC% 24 SC% 108 SC% 53 SC% 51 SC% 51 SC% 418 SC%
47 Orientation N-S 51 39% 8 33% 46 43% 24 45% 11 22% 21 41% 161 39%
48 Orientation E-W 80 61% 16 67% 62 57% 29 55% 38 75% 25 49% 250 60%
49 Access orientation 97 74% 13 54% 64 59% 31 58% 26 51% 29 57% 260 62%
50 Related to higer peak 49 37% 11 46% 10 9% 2 4% 19 37% 10 20% 101 24%
51
Related elevated topographic 
feature 67 51% 17 71% 28 26% 5 9% 27 53% 15 29% 159 38%
52 Secondary feature 29 22% 14 58% 16 15% 7 13% 10 20% 8 16% 84 20%
53 Spur or Cliff<25m 77 59% 16 67% 31 29% 10 19% 31 61% 17 33% 182 44%
54 Slope<20 85 65% 18 75% 70 65% 36 68% 36 71% 44 86% 289 69%
55 Slope>20 40 31% 6 25% 37 34% 17 32% 15 29% 6 12% 121 29%
56 Naturally demarcated area 80 61% 19 79% 40 37% 18 34% 26 51% 26 51% 209 50%
57 Naturally demarcated feature 43 33% 13 54% 21 19% 9 17% 12 24% 14 27% 112 27%
Variable
Environment by Frequency 131 SC% 24 SC% 108 SC% 53 SC% 51 SC% 51 SC% 418 SC%
58 Subsitence material area 53 40% 5 21% 81 75% 47 89% 20 39% 30 59% 236 56%
59 Shelter<100m 24 18% 3 13% 83 77% 53 100% 7 14% 20 39% 190 45%
60 Shelter>100m<1000m 73 56% 18 75% 21 19% 1 2% 29 57% 26 51% 168 40%
61 Rock shelter 14 11% 1 4% 72 67% 53 100% 2 4% 2 4% 144 34%
62 Quary<1000m 23 18% 3 13% 18 17% 2 4% 4 8% 16 31% 66 16%
63 Ravine or river flats 37 28% 1 4% 48 44% 32 60% 10 20% 23 45% 151 36%
64 Low heath 40 31% 6 25% 12 11% 2 4% 4 8% 5 10% 69 17%
65 Grass/Heath clearing 38 29% 9 38% 16 15% 3 6% 9 18% 25 49% 100 24%
66 Woodlands 75 57% 12 50% 90 83% 50 94% 46 90% 38 75% 311 74%
67 Swamp 9 7% 0 0% 17 16% 2 4% 3 6% 9 18% 40 10%
68 Open rock face 101 77% 22 92% 5 5% 1 2% 4 8% 5 10% 138 33%
69 Hawkesbury sandstone 122 93% 24 100% 20 19% 8 15% 3 6% 6 12% 183 44%
70 Narrabeen sandstone 54 41% 4 17% 43 40% 17 32% 19 37% 15 29% 152 36%
75 Access to subsistance<1hr 114 87% 21 88% 100 93% 53 100% 51 100% 48 94% 387 93%
76 Access to subsistance>1hr 15 11% 2 8% 5 5% 0 0% 0 0% 2 4% 24 6%
Variable
Visibility by Frequency 131 SC% 24 SC% 108 SC% 53 SC% 51 SC% 51 SC% 418 SC%
71 Visable from>1000m 39 30% 8 33% 4 4% 1 2% 4 8% 5 10% 61 15%
72
Visable from sites elv>600m 
<1000m 43 33% 12 50% 4 4% 1 2% 8 16% 7 14% 75 18%
73 Visable from sites elv<600m 24 18% 6 25% 1 1% 0 0% 2 4% 1 2% 34 8%
74 180 degree visability 61 47% 17 71% 23 21% 4 8% 16 31% 15 29% 136 33%
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Variable
Site Complex by Frequency 131 SC% 24 SC% 108 SC% 53 SC% 51 SC% 51 SC% 418 SC%
77 Complex of sites 92 70% 18 75% 77 71% 36 68% 34 67% 29 57% 286 68%
78 Site size>100sqm 34 26% 6 25% 18 17% 1 2% 17 33% 14 27% 90 22%
Variable
Proximity by Frequency 131 SC% 24 SC% 108 SC% 53 SC% 51 SC% 51 SC% 418 SC%
79
Proximity of multi-dimensional 
site 49 37% 8 33% 72 67% 37 70% 9 18% 28 55% 203 49%
80
Proximity of uni-dimensional or 
transit or temporary site 82 63% 18 75% 48 44% 18 34% 28 55% 24 47% 218 52%
81 Proximity of engravings 27 21% 18 75% 13 12% 2 4% 20 39% 7 14% 87 21%
82 Proximity to paintings 30 23% 2 8% 33 31% 32 60% 10 20% 10 20% 117 28%
82 Poximity of >20 AGG 81 62% 11 46% 31 29% 12 23% 6 12% 10 20% 151 36%
84 Proximity to stone arrangment 15 11% 4 17% 8 7% 6 11% 15 29% 12 24% 60 14%
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2.2  SAS PROC FREQ Scripts 
 
Frequency tables show the general distribution 
of the values for each variable.  In this thesis 
frequency descriptions were determined using 
the SAS FREQ procedure (PROC FREQ) 
using code written in the SAS programming 
language.  Frequency statements in SAS 
(PROC FREQ) produce one-way and multi(n)-
way crosstabulation tables.  Crosstabulation 
tables (two and n-way) are combined 
frequency tables which demonstrate both the 
positive and negative association.  For two or 
multi-way tables PROC FREQ computes 
measures of association, for multi-way tables 
PROC FREQ does a stratified analysis which 
computes within as well as across strata.  
 
Multi-way crosstabulations generate extreme 
amounts of data.  The BMNP Project PROC 
FREQ analysis created over 7000 pages of  
frequency descriptions for the 418 objects and 
84 variables in various combinations.  
Therefore it was necessary to summarise the 
frequency data within the text.  Some 
additional results are given in the following 
supplementary section of this appendix.  The 
general codes (limited selection) used to write 
the FREQ statements for the BMNP Project 
are listed below.  These statement are useful to 
determine the extent and type of the PROC 
FREQ used during the analysis of BMNP 
Project data.  The code was written by Steve 
Morell and the author. 
 
Tables 3 (below) and 26 (appendix C) contain 
the SAS shortened variable codes for the 
scripts in this section.  
 
2.2.1  General SAS PROC FREQ Script 
(no measure of proximity) 
 
libname mylib 'c:\archaeology'; 
options ls=80; 
 
data bmsites; 
set mylib.sites; 
 
if aggegv=1 then sitetype='axe&eng '; 
if multidim=1 then sitetype='multidim '; 
if unidim=1 then sitetype='unidim  '; 
if transtmp=1 then sitetype='transtmp'; 
 
if egvg2=1 then engrave='>2  '; 
else if egvle2=1 then engrave='<=2 '; 
else engrave='none'; 
 
if (h2o1_5=0 and h2o100=0) then h2odist='   >500m'; 
if (h2o1_5=0 and h2o100=1) then h2odist='   <100m'; 
if h2o1_5=1 then h2odist='100-500m'; 
 
if aggle5=1 then grindno=' <=5'; 
else if aggl5g20=1 then grindno='5-20'; 
else if aggge20=1 then grindno='>=20'; 
else grindno='None'; 
 
if agdple15=1 then agdepth='<15'; 
else agdepth='>15'; 
 
if elv_600=1 then elevate='    <600m'; 
if elv6_8=1 then elevate='<600-800m'; 
if elv_800=1 then elevate='    >800m'; 
 
if hhreelv=1 then hirelelv=1; 
else hirelelv=0; 
 
if acsort=1 then access='Orient'; 
else access='NotOrent'; 
 
if ort_ew=1 then orient='EastWest'; 
else orient='NthSth  '; 
 
if slpg20=1 then slope='>20deg'; 
else slope='<20deg'; 
 
if qry1km=1 then quarry='<1km'; 
else quarry='>1km'; 
 
if b_fkscob=1 then flakes='basalt '; 
else if msc_fks=1 then flakes='mudsilt'; 
else if q_fks=1 then flakes='quartz'; 
else flakes='None'; 
 
if agline=1 then grvstruc='linear '; 
else grvstruc='cluster'; 
 
if z180_vis=1 then outlook='180deg '; 
else outlook='limited'; 
 
if vis600=1 then visible='<600m  '; 
if vis6_1k=1 then visible='600m-1k'; 
if vis1000=1 then visible='>1000m '; 
 
if cliffspr=1 then clifspur='<25m'; 
else clifspur='>25m'; 
 
if ravrivar=1 then ravine='ravine'; 
else ravine='notrav'; 
 
if (natdemar=1 and natdemft=1 and scndft=1) then 
specfeat='all     '; 
if (natdemar=1 and natdemft=1 and scndft=0) then 
specfeat='Nosec   '; 
if (natdemar=1 and natdemft=0 and scndft=1) then 
specfeat='Nodeft  '; 
if (natdemar=0 and natdemft=1 and scndft=1) then 
specfeat='Nodefa  '; 
if (natdemar=1 and natdemft=0 and scndft=0) then 
specfeat='areaonly'; 
if (natdemar=0 and natdemft=1 and scndft=0) then 
specfeat='featonly'; 
if (natdemar=0 and natdemft=0 and scndft=1) then 
specfeat='seconly '; 
if (natdemar=0 and natdemft=0 and scndft=0) then 
specfeat='None    '; 
 
if (rdelvtft=1 or rdhhpk=1) then elvfeat='Yes'; 
else elvfeat='No '; 
 
proc sort; 
by engrave; 
 
proc freq; 
tables hirelelv; 
tables elevate; 
tables grindno; 
tables agdepth; 
tables grvstruc; 
tables elevate*hirelelv; 
tables hirelelv*grindno*agdepth; 
Appendix B  BMNP Project Frequency Descriptions 341 
tables orient*access; 
tables ravine*orient*access; 
tables clifspur*orient*access; 
tables clifspur*outlook*orient*access; 
tables quarry*grindno; 
tables quarry*hirelelv*grindno; 
tables grindno*grvstruc; 
tables hirelelv*grindno*grvstruc; 
tables ravine*grindno*grvstruc; 
tables ravine*grindno*agdepth; 
tables quarry*flakes; 
tables hirelelv*quarry*flakes; 
tables specfeat; 
tables specfeat*grindno; 
tables elvfeat*specfeat*grindno; 
where sitetype='axe&eng '; 
 
 
proc freq; 
tables elevate*hirelelv; 
tables hirelelv*grindno*agdepth; 
tables orient*access; 
tables ravine*orient*access; 
tables clifspur*orient*access; 
tables clifspur*outlook*orient*access; 
tables quarry*grindno; 
tables quarry*hirelelv*grindno; 
tables grvstruc*grindno; 
tables hirelelv*grvstruc*grindno; 
tables ravine*grvstruc*grindno; 
tables ravine*grindno*agdepth; 
tables quarry*flakes; 
tables hirelelv*quarry*flakes; 
tables specfeat; 
tables specfeat*grindno; 
tables elvfeat*specfeat*grindno; 
where sitetype='axe&eng '; 
 
by engrave; 
 
run; 
 
 
 
2.2.1.1  Supplementary General SAS PROC 
FREQ Script 
 
libname mylib 'c:\archaeology'; 
options ls=80; 
 
data bmsites; 
set mylib.sites; 
 
 
if aggegv=1 then sitetype='axe&eng'; 
if multidim=1 then sitetype='multidim'; 
if unidim=1 then sitetype='unidim'; 
if transtmp=1 then sitetype='transtmp'; 
 
if (h2o1_5=0 and h2o100=0) then h2odist='   >500m'; 
if (h2o1_5=0 and h2o100=1) then h2odist='   <100m'; 
if h2o1_5=1 then h2odist='100-500m'; 
 
if aggle5=1 then grindno='  <5'; 
if aggl5g20=1 then grindno='5-20'; 
if aggge20=1 then grindno=' >20'; 
 
if agdple15=1 then agdepth='<15'; 
else agdepth='>15'; 
 
if elv_600=1 then elevat='   <600m'; 
if elv6_8=1 then elevat='<600-800m'; 
if elv_800=1 then elevat='   >800m'; 
 
if slpg20=1 then slope='>20deg'; 
else slope='<20deg'; 
 
 
proc freq; 
tables sitetype; 
tables sitetype*slope/all; 
tables sitetype*h2odist/all; 
tables sitetype*agdepth/all; 
tables sitetype*grindno/all; 
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2.2.2  Advanced SAS PROC FREQ 
Scripts (with measures of proximity) 
 
 
libname mylib 'c:\archaeology'; 
options ls=80; 
 
data bmsites; 
set mylib.sites; 
 
if aggegv=1 then sitetype='axe&eng '; 
if multidim=1 then sitetype='multidim '; 
if unidim=1 then sitetype='unidim  '; 
if transtmp=1 then sitetype='transtmp'; 
 
if (px20agg=0 and pxegv=0 and pxptg=0 and 
pxtrtpun=0 and pxmulti=0) then prox='None    '; 
if (px20agg=0 and pxegv=0 and pxptg=0 and 
pxtrtpun=0 and pxmulti=1) then prox='Multonly'; 
if (px20agg=1 and pxegv=0 and pxptg=0 and 
pxtrtpun=0 and pxmulti=0) then prox='20axonly'; 
if (px20agg=1 and pxegv=0 and pxptg=0 and 
pxtrtpun=0 and pxmulti=1) then prox='20axmult'; 
if (px20agg=0 and pxegv=1 and pxptg=0 and 
pxtrtpun=0 and pxmulti=0) then prox='egrvonly'; 
if (px20agg=0 and pxegv=1 and pxptg=0 and 
pxtrtpun=0 and pxmulti=1) then prox='egrvmult'; 
if (px20agg=0 and pxegv=0 and pxptg=1 and 
pxtrtpun=0 and pxmulti=0) then prox='pntgonly'; 
if (px20agg=0 and pxegv=0 and pxptg=1 and 
pxtrtpun=0 and pxmulti=1) then prox='pntmult '; 
if (px20agg=0 and pxegv=0 and pxptg=0 and 
pxtrtpun=1 and pxmulti=0) then prox='trunonly'; 
if (px20agg=0 and pxegv=0 and pxptg=0 and 
pxtrtpun=1 and pxmulti=1) then prox='trunmult'; 
if (px20agg=1 and pxegv=1 and pxptg=0 and 
pxtrtpun=0 and pxmulti=0) then prox='axe&eng '; 
if (px20agg=1 and pxegv=1 and pxptg=0 and 
pxtrtpun=0 and pxmulti=1) then prox='axengmlt'; 
if (px20agg=1 and pxegv=0 and pxptg=1 and 
pxtrtpun=0 and pxmulti=0) then prox='axe&ptg '; 
if (px20agg=1 and pxegv=0 and pxptg=1 and 
pxtrtpun=0 and pxmulti=1) then prox='axptgmlt'; 
if (px20agg=1 and pxegv=0 and pxptg=0 and 
pxtrtpun=1 and pxmulti=0) then prox='axe&trun'; 
if (px20agg=1 and pxegv=0 and pxptg=0 and 
pxtrtpun=1 and pxmulti=1) then prox='axtrnmlt'; 
if (px20agg=0 and pxegv=1 and pxptg=0 and 
pxtrtpun=1 and pxmulti=0) then prox='egv&trun'; 
if (px20agg=0 and pxegv=1 and pxptg=0 and 
pxtrtpun=1 and pxmulti=1) then prox='egvtrunm'; 
if (px20agg=0 and pxegv=1 and pxptg=1 and 
pxtrtpun=0 and pxmulti=0) then prox='egv&ptg '; 
if (px20agg=0 and pxegv=1 and pxptg=1 and 
pxtrtpun=0 and pxmulti=1) then prox='egvptgml'; 
if (px20agg=0 and pxegv=0 and pxptg=1 and 
pxtrtpun=1 and pxmulti=0) then prox='ptg&trun'; 
if (px20agg=0 and pxegv=0 and pxptg=1 and 
pxtrtpun=1 and pxmulti=1) then prox='ptgtrunm'; 
if (px20agg=0 and pxegv=1 and pxptg=1 and 
pxtrtpun=1 and pxmulti=0) then prox='ptegtrun'; 
if (px20agg=0 and pxegv=1 and pxptg=1 and 
pxtrtpun=1 and pxmulti=1) then prox='ptegtrum'; 
if (px20agg=1 and pxegv=0 and pxptg=1 and 
pxtrtpun=1 and pxmulti=0) then prox='axpttrun'; 
if (px20agg=1 and pxegv=0 and pxptg=1 and 
pxtrtpun=1 and pxmulti=1) then prox='axpttrum'; 
if (px20agg=1 and pxegv=1 and pxptg=0 and 
pxtrtpun=1 and pxmulti=0) then prox='axegtrun'; 
if (px20agg=1 and pxegv=1 and pxptg=0 and 
pxtrtpun=1 and pxmulti=1) then prox='axegtrum'; 
if (px20agg=1 and pxegv=1 and pxptg=1 and 
pxtrtpun=0 and pxmulti=0) then prox='axegvptg'; 
if (px20agg=1 and pxegv=1 and pxptg=1 and 
pxtrtpun=0 and pxmulti=1) then prox='axegvptm'; 
if (px20agg=1 and pxegv=1 and pxptg=1 and 
pxtrtpun=1 and pxmulti=0) then prox='Allnotml'; 
if (px20agg=1 and pxegv=1 and pxptg=1 and 
pxtrtpun=1 and pxmulti=1) then prox='All     '; 
 
if egvg2=1 then engrave='>2  '; 
else if egvle2=1 then engrave='<=2 '; 
else engrave='none'; 
 
if egvm2m2m=1 then eng2mot='Present '; 
else eng2mot='Absent  '; 
 
if (h2o1_5=0 and h2o100=0) then h2odist='   >500m'; 
if (h2o1_5=0 and h2o100=1) then h2odist='   <100m'; 
if h2o1_5=1 then h2odist='100-500m'; 
 
if aggle5=1 then grindno=' <=5'; 
else if aggl5g20=1 then grindno='5-20'; 
else if aggge20=1 then grindno='>=20'; 
else grindno='None'; 
 
if agdple15=1 then agdepth='<15'; 
else agdepth='>15'; 
 
if elv_600=1 then elevate='    <600m'; 
if elv6_8=1 then elevate='<600-800m'; 
if elv_800=1 then elevate='    >800m'; 
 
if hhreelv=1 then hirelelv=1; 
else hirelelv=0; 
 
if acsort=1 then access='Orient'; 
else access='NotOrent'; 
 
if ort_ew=1 then orient='EastWest'; 
else orient='NthSth  '; 
 
if slpg20=1 then slope='>20deg'; 
else slope='<20deg'; 
 
if qry1km=1 then quarry='<1km'; 
else quarry='>1km'; 
 
if swamp=1 then nswamp='swamp   '; 
else nswamp='Noswamp '; 
 
if b_fkscob=1 then volcflak='basalt '; 
else volcflak='Absent  '; 
 
if (msc_fks=1 and q_fks=1) then flakemat='mud&qtz 
'; 
else if (msc_fks=0 and q_fks=1) then 
flakemat='qutzonly'; 
else if (msc_fks=1 and q_fks=0) then 
flakemat='mudonly '; 
else flakemat='None    '; 
 
if cores=1 then flktype='Core    '; 
if cortex=1 then flktype='Cortex  '; 
if (cores=1 and cortex=1) then flktype='Both    '; 
if (cores=0 and cortex=0) then flktype='Neither '; 
 
if lgfkg5=1 then lgflkno='5plus   '; 
else if lgfkle5=1 then lgflkno='lt5     '; 
else lgflkno='None    '; 
 
if smfkg5=1 then smflkno='5plus   '; 
else if smfkle5=1 then smflkno='lt5     '; 
else smflkno='None    '; 
 
if toolg5=1 then toolno='5plus   '; 
else if toolle5=1 then toolno='lt5     '; 
else toolno='None    '; 
 
if ptbdg5=1 then pointno='5plus   '; 
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else if ptbdle5=1 then pointno='lt5     '; 
else pointno='None    '; 
 
if wstefkg2=1 then wastflk='Present '; 
else wastflk='Absent  '; 
 
if agline=1 then grvstruc='linear '; 
else grvstruc='cluster'; 
 
if z180_vis=1 then outlook='180deg '; 
else outlook='limited'; 
 
if vis600=1 then visible='<600m  '; 
if vis6_1k=1 then visible='600m-1k'; 
if vis1000=1 then visible='>1000m '; 
 
if cliffspr=1 then clifspur='<25m'; 
else clifspur='>25m'; 
 
if ptgg2=1 then painting='2plus   '; 
if ptgle2=1 then painting='Less2   '; 
if (ptgg2=0 and ptgle2=0) then painting='None    '; 
 
if ptgm2m2m=1 then paintmot='Present '; 
else paintmot='Absent  '; 
 
if stencils=1 then stencil='Present '; 
else stencil='Absent  '; 
 
if ravrivar=1 then ravine='ravine'; 
else ravine='notrav'; 
 
if geomic=1 then miniflk='Present '; 
else miniflk='Absent  '; 
 
if (natdemar=1 and natdemft=1 and scndft=1) then 
specfeat='all     '; 
if (natdemar=1 and natdemft=1 and scndft=0) then 
specfeat='Nosec   '; 
if (natdemar=1 and natdemft=0 and scndft=1) then 
specfeat='Nodeft  '; 
if (natdemar=0 and natdemft=1 and scndft=1) then 
specfeat='Nodefa  '; 
if (natdemar=1 and natdemft=0 and scndft=0) then 
specfeat='areaonly'; 
if (natdemar=0 and natdemft=1 and scndft=0) then 
specfeat='featonly'; 
if (natdemar=0 and natdemft=0 and scndft=1) then 
specfeat='seconly '; 
if (natdemar=0 and natdemft=0 and scndft=0) then 
specfeat='None    '; 
 
if (rdelvtft=1 or rdhhpk=1) then elvfeat='Yes'; 
else elvfeat='No '; 
 
if (flktype='Both    ' and flakemat='mud&qtz ' and 
toolno='5plus   ' and pointno='5plus   ' 
    and smflkno='5plus   ' and lgflkno='5plus   ' and 
h2odist='   <100m') then occupat='High    '; 
else occupat='Low     '; 
 
proc sort; 
by engrave; 
*by sitetype; 
 
proc freq; 
tables prox; 
tables specfeat; 
tables hirelelv; 
tables elevate; 
tables grindno; 
tables agdepth; 
tables grvstruc; 
tables prox*specfeat; 
tables elevate*hirelelv; 
tables elevate*hirelelv*agdepth; 
tables agdepth*hirelelv; 
tables agdepth*hirelelv*grvstruc; 
tables agdepth*hirelelv*grvstruc*quarry; 
tables hirelelv*grindno*agdepth; 
tables orient*access; 
tables ravine*orient*access; 
tables clifspur*orient*access; 
tables clifspur*outlook*orient*access; 
tables quarry*grindno; 
tables quarry*hirelelv*grindno; 
tables grindno*grvstruc; 
tables hirelelv*grindno*grvstruc; 
tables ravine*grindno*grvstruc; 
tables ravine*grindno*agdepth; 
tables quarry*flakemat; 
tables hirelelv*quarry*flakemat; 
tables specfeat; 
tables specfeat*grindno; 
tables elvfeat*specfeat*grindno; 
where sitetype='axe&eng '; 
by engrave; 
 
proc sort; 
by sitetype; 
 
proc freq; 
tables prox; 
tables prox*miniflk; 
tables prox*miniflk*hirelelv; 
tables specfeat*miniflk*hirelelv; 
tables prox*pointno*miniflk; 
tables prox*pointno*wastflk; 
tables h2odist*prox; 
tables occupat; 
tables occupat*miniflk; 
tables elevate*hirelelv; 
tables orient*access; 
tables ravine*orient*access; 
tables grindno*grvstruc; 
tables hirelelv*grindno*grvstruc; 
tables quarry*flakemat; 
tables quarry*flktype; 
tables hirelelv*quarry*flakemat; 
tables hirelelv*quarry*flakemat*volcflak; 
tables specfeat; 
tables specfeat*miniflk; 
tables specfeat*pointno; 
tables hirelelv*elevate; 
tables flktype; 
tables lgflkno*flktype; 
tables smflkno*flktype; 
tables flktype*toolno; 
tables flktype*pointno; 
tables flktype*pointno*toolno; 
tables lgflkno*toolno; 
tables lgflkno*pointno; 
tables lgflkno*pointno*toolno; 
tables smflkno*toolno; 
tables smflkno*pointno; 
tables smflkno*pointno*toolno; 
tables flakemat; 
tables flakemat*toolno; 
tables flakemat*pointno; 
tables flakemat*pointno*toolno*volcflak; 
tables volcflak*toolno; 
tables volcflak*pointno; 
tables volcflak*pointno*toolno; 
tables hirelelv*flktype; 
tables hirelelv*flakemat; 
tables hirelelv*flakemat*lgflkno; 
tables hirelelv*flakemat*smflkno; 
tables hirelelv*pointno; 
tables hirelelv*pointno*lgflkno; 
tables hirelelv*pointno*smflkno; 
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tables hirelelv*miniflk; 
tables hirelelv*miniflk*wastflk; 
tables hirelelv*painting*stencil; 
tables specfeat*prox; 
tables clifspur*outlook*orient*access; 
tables painting*specfeat; 
tables stencil*specfeat; 
tables paintmot*specfeat; 
tables painting*paintmot; 
tables specfeat*painting*paintmot; 
tables nswamp*painting*stencil; 
tables nswamp*miniflk; 
tables nswamp*flakemat; 
tables nswamp*flktype; 
tables nswamp*lgflkno*smflkno; 
 
where sitetype ne 'axe&eng '; 
by sitetype; 
 
proc freq; 
tables h2odist*prox; 
tables h2odist*prox*miniflk; 
tables h2odist*miniflk; 
tables h2odist*prox*miniflk*hirelelv; 
tables h2odist*prox*miniflk*hirelelv*elevate; 
tables h2odist*specfeat*miniflk*hirelelv; 
tables h2odist*specfeat*miniflk*hirelelv*elevate; 
tables h2odist*prox*pointno*miniflk; 
tables h2odist*prox*pointno*wastflk; 
tables h2odist*h2odist*prox; 
tables h2odist*occupat; 
tables h2odist*occupat*miniflk; 
tables h2odist*elevate*hirelelv; 
tables h2odist*orient*access; 
tables h2odist*ravine*orient*access; 
tables h2odist*grindno*grvstruc; 
tables h2odist*hirelelv*grindno*grvstruc; 
tables h2odist*quarry*flakemat; 
tables h2odist*quarry*flktype; 
tables h2odist*hirelelv*quarry*flakemat; 
tables h2odist*hirelelv*quarry*flakemat*volcflak; 
tables h2odist*specfeat; 
tables h2odist*specfeat*miniflk; 
tables h2odist*specfeat*pointno; 
tables h2odist*hirelelv*elevate; 
tables h2odist*flktype; 
tables h2odist*lgflkno*flktype; 
tables h2odist*smflkno*flktype; 
tables h2odist*flktype*toolno; 
tables h2odist*flktype*pointno; 
tables h2odist*flktype*pointno*toolno; 
tables h2odist*lgflkno*toolno; 
tables h2odist*lgflkno*pointno; 
tables h2odist*lgflkno*pointno*toolno; 
tables h2odist*smflkno*toolno; 
tables h2odist*smflkno*pointno; 
tables h2odist*smflkno*pointno*toolno; 
tables h2odist*flakemat; 
tables h2odist*flakemat*toolno; 
tables h2odist*flakemat*pointno; 
tables h2odist*flakemat*pointno*toolno*volcflak; 
tables h2odist*volcflak*toolno; 
tables h2odist*volcflak*pointno; 
tables h2odist*volcflak*pointno*toolno; 
tables h2odist*hirelelv*flktype; 
tables h2odist*hirelelv*flakemat; 
tables h2odist*hirelelv*flakemat*lgflkno; 
tables h2odist*hirelelv*flakemat*smflkno; 
tables h2odist*hirelelv*pointno; 
tables h2odist*hirelelv*pointno*lgflkno; 
tables h2odist*hirelelv*pointno*smflkno; 
tables h2odist*hirelelv*miniflk; 
tables h2odist*hirelelv*miniflk*wastflk; 
tables h2odist*specfeat*prox; 
tables h2odist*clifspur*outlook*orient*access; 
tables h2odist*painting*specfeat; 
tables h2odist*stencil*specfeat; 
tables h2odist*paintmot*specfeat; 
tables h2odist*painting*paintmot; 
tables h2odist*hirelelv*painting*stencil; 
tables h2odist*specfeat*painting*paintmot; 
 
where sitetype ne 'axe&eng '; 
by sitetype; 
 
run; 
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2.2.3  Advanced SAS PROC FREQ 
Scripts II (with limited measures of 
proximity) 
 
libname mylib 'c:\archaeology'; 
options ls=80; 
 
data bmsites; 
set mylib.sites; 
 
if (ptgg2=1 or ptgle2=1) then anypaint=1; 
else anypaint=0; 
 
if (egvg2=1 or egvle2=1) then anyengrv=1; 
else anyengrv=0; 
 
if aggegv=1 then do; 
  if anyengrv=1 then sitetype='engrave '; 
  else sitetype='agg     '; 
end; 
if multidim=1 then do; 
  if anypaint=0 then sitetype='multnpnt'; 
  else sitetype='multpnt'; 
end; 
if unidim=1 then sitetype='unidim  '; 
if transtmp=1 then sitetype='transtmp'; 
 
if (px20agg=0 and pxegv=0 and pxptg=0 and 
pxtrtpun=0) then prox1='None    '; 
if (px20agg=1 and pxegv=0 and pxptg=0 and 
pxtrtpun=0) then prox1='20ax'; 
if (px20agg=0 and pxegv=1 and pxptg=0 and 
pxtrtpun=0) then prox1='egrv'; 
if (px20agg=0 and pxegv=0 and pxptg=1 and 
pxtrtpun=0) then prox1='pntg'; 
if (px20agg=0 and pxegv=0 and pxptg=0 and 
pxtrtpun=1) then prox1='trun'; 
if (px20agg=1 and pxegv=1 and pxptg=0 and 
pxtrtpun=0) then prox1='axe&eng '; 
if (px20agg=1 and pxegv=0 and pxptg=1 and 
pxtrtpun=0) then prox1='axe&ptg '; 
if (px20agg=1 and pxegv=0 and pxptg=0 and 
pxtrtpun=1) then prox1='axe&trun'; 
if (px20agg=0 and pxegv=1 and pxptg=0 and 
pxtrtpun=1) then prox1='egv&trun'; 
if (px20agg=0 and pxegv=1 and pxptg=1 and 
pxtrtpun=0) then prox1='egv&ptg '; 
if (px20agg=0 and pxegv=0 and pxptg=1 and 
pxtrtpun=1) then prox1='ptg&trun'; 
if (px20agg=0 and pxegv=1 and pxptg=1 and 
pxtrtpun=1) then prox1='ptegtrun'; 
if (px20agg=1 and pxegv=0 and pxptg=1 and 
pxtrtpun=1) then prox1='axpttrun'; 
if (px20agg=1 and pxegv=1 and pxptg=0 and 
pxtrtpun=1) then prox1='axegtrun'; 
if (px20agg=1 and pxegv=1 and pxptg=1 and 
pxtrtpun=0) then prox1='axegvptg'; 
if (px20agg=1 and pxegv=1 and pxptg=1 and 
pxtrtpun=1) then prox1='All'; 
 
if (px20agg=0 and pxegv=0 and pxptg=0 and 
pxtrtpun=0 and pxmulti=0) then prox='None    '; 
if (px20agg=0 and pxegv=0 and pxptg=0 and 
pxtrtpun=0 and pxmulti=1) then prox='Multonly'; 
if (px20agg=1 and pxegv=0 and pxptg=0 and 
pxtrtpun=0 and pxmulti=0) then prox='20axonly'; 
if (px20agg=1 and pxegv=0 and pxptg=0 and 
pxtrtpun=0 and pxmulti=1) then prox='20axmult'; 
if (px20agg=0 and pxegv=1 and pxptg=0 and 
pxtrtpun=0 and pxmulti=0) then prox='egrvonly'; 
if (px20agg=0 and pxegv=1 and pxptg=0 and 
pxtrtpun=0 and pxmulti=1) then prox='egrvmult'; 
if (px20agg=0 and pxegv=0 and pxptg=1 and 
pxtrtpun=0 and pxmulti=0) then prox='pntgonly'; 
if (px20agg=0 and pxegv=0 and pxptg=1 and 
pxtrtpun=0 and pxmulti=1) then prox='pntmult '; 
if (px20agg=0 and pxegv=0 and pxptg=0 and 
pxtrtpun=1 and pxmulti=0) then prox='trunonly'; 
if (px20agg=0 and pxegv=0 and pxptg=0 and 
pxtrtpun=1 and pxmulti=1) then prox='trunmult'; 
if (px20agg=1 and pxegv=1 and pxptg=0 and 
pxtrtpun=0 and pxmulti=0) then prox='axe&engo'; 
if (px20agg=1 and pxegv=1 and pxptg=0 and 
pxtrtpun=0 and pxmulti=1) then prox='axengmlt'; 
if (px20agg=1 and pxegv=0 and pxptg=1 and 
pxtrtpun=0 and pxmulti=0) then prox='axe&ptgo'; 
if (px20agg=1 and pxegv=0 and pxptg=1 and 
pxtrtpun=0 and pxmulti=1) then prox='axptgmlt'; 
if (px20agg=1 and pxegv=0 and pxptg=0 and 
pxtrtpun=1 and pxmulti=0) then prox='axe&trun'; 
if (px20agg=1 and pxegv=0 and pxptg=0 and 
pxtrtpun=1 and pxmulti=1) then prox='axtrnmlt'; 
if (px20agg=0 and pxegv=1 and pxptg=0 and 
pxtrtpun=1 and pxmulti=0) then prox='egv&trun'; 
if (px20agg=0 and pxegv=1 and pxptg=0 and 
pxtrtpun=1 and pxmulti=1) then prox='egvtrunm'; 
if (px20agg=0 and pxegv=1 and pxptg=1 and 
pxtrtpun=0 and pxmulti=0) then prox='egv&ptgo'; 
if (px20agg=0 and pxegv=1 and pxptg=1 and 
pxtrtpun=0 and pxmulti=1) then prox='egvptgml'; 
if (px20agg=0 and pxegv=0 and pxptg=1 and 
pxtrtpun=1 and pxmulti=0) then prox='ptg&trun'; 
if (px20agg=0 and pxegv=0 and pxptg=1 and 
pxtrtpun=1 and pxmulti=1) then prox='ptgtrunm'; 
if (px20agg=0 and pxegv=1 and pxptg=1 and 
pxtrtpun=1 and pxmulti=0) then prox='ptegtrun'; 
if (px20agg=0 and pxegv=1 and pxptg=1 and 
pxtrtpun=1 and pxmulti=1) then prox='ptegtrum'; 
if (px20agg=1 and pxegv=0 and pxptg=1 and 
pxtrtpun=1 and pxmulti=0) then prox='axpttrun'; 
if (px20agg=1 and pxegv=0 and pxptg=1 and 
pxtrtpun=1 and pxmulti=1) then prox='axpttrum'; 
if (px20agg=1 and pxegv=1 and pxptg=0 and 
pxtrtpun=1 and pxmulti=0) then prox='axegtrun'; 
if (px20agg=1 and pxegv=1 and pxptg=0 and 
pxtrtpun=1 and pxmulti=1) then prox='axegtrum'; 
if (px20agg=1 and pxegv=1 and pxptg=1 and 
pxtrtpun=0 and pxmulti=0) then prox='axegvptg'; 
if (px20agg=1 and pxegv=1 and pxptg=1 and 
pxtrtpun=0 and pxmulti=1) then prox='axegvptm'; 
if (px20agg=1 and pxegv=1 and pxptg=1 and 
pxtrtpun=1 and pxmulti=0) then prox='Allnotml'; 
if (px20agg=1 and pxegv=1 and pxptg=1 and 
pxtrtpun=1 and pxmulti=1) then prox='All     '; 
 
if egvg2=1 then engrave='>2  '; 
else if egvle2=1 then engrave='<=2 '; 
else engrave='none'; 
 
if egvm2m2m=1 then eng2mot='Present '; 
else eng2mot='Absent  '; 
 
if (h2o1_5=0 and h2o100=0) then h2odist='   >500m'; 
if (h2o1_5=0 and h2o100=1) then h2odist='   <100m'; 
if h2o1_5=1 then h2odist='100-500m'; 
 
if aggle5=1 then grindno=' <=5'; 
else if aggl5g20=1 then grindno='5-20'; 
else if aggge20=1 then grindno='>=20'; 
else grindno='None'; 
 
if agdple15=1 then agdepth='<15'; 
else agdepth='>15'; 
 
if elv_600=1 then elevate='    <600m'; 
if elv6_8=1 then elevate='<600-800m'; 
if elv_800=1 then elevate='    >800m'; 
 
if hhreelv=1 then hirelelv='HiRelElv'; 
else hirelelv='NotHiElv'; 
 
if acsort=1 then access='Orient'; 
else access='NotOrent'; 
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if ort_ew=1 then orient='EastWest'; 
else orient='NthSth  '; 
 
if slpg20=1 then slope='>20deg'; 
else slope='<20deg'; 
 
if qry1km=1 then quarry='<1km'; 
else quarry='>1km'; 
 
if swamp=1 then nswamp='swamp   '; 
else nswamp='Noswamp '; 
 
if b_fkscob=1 then volcflak='basalt '; 
else volcflak='Absent  '; 
 
if (msc_fks=1 and q_fks=1 and b_fkscob=1) then 
flakemat='mudqtzbs'; 
else if (msc_fks=1 and q_fks=1 and b_fkscob=0) then 
flakemat='mud&qtz '; 
else if (msc_fks=0 and q_fks=1 and b_fkscob=1) then 
flakemat='qtz&bas '; 
else if (msc_fks=0 and q_fks=1 and b_fkscob=0) then 
flakemat='qtzonly '; 
else if (msc_fks=1 and q_fks=0 and b_fkscob=1) then 
flakemat='mud&bas '; 
else if (msc_fks=1 and q_fks=0 and b_fkscob=0) then 
flakemat='mudonly '; 
else if (msc_fks=0 and q_fks=0 and b_fkscob=1) then 
flakemat='basonly '; 
else flakemat='None    '; 
 
if cores=1 then flktype='Core    '; 
if cortex=1 then flktype='Cortex  '; 
if (cores=1 and cortex=1) then flktype='Both    '; 
if (cores=0 and cortex=0) then flktype='Neither '; 
 
if lgfkg5=1 then lgflkno='5plus   '; 
else if lgfkle5=1 then lgflkno='lt5     '; 
else lgflkno='None    '; 
 
if (lgfkle5=1 or lgfkg5=1) then largeflk='Lrgflk  '; 
else largeflk='NoLrgFlk'; 
 
if smfkg5=1 then smflkno='5plus   '; 
else if smfkle5=1 then smflkno='lt5     '; 
else smflkno='None    '; 
 
if (smfkle5=1 or smfkg5=1) then smallflk='Smallflk'; 
else smallflk='Nosmlflk'; 
 
if toolg5=1 then toolno='5plus   '; 
else if toolle5=1 then toolno='lt5     '; 
else toolno='None    '; 
 
if toolno='None    ' then tools='Notools'; 
else tools='Tools  '; 
 
if ptbdg5=1 then pointno='5plus   '; 
else if ptbdle5=1 then pointno='lt5     '; 
else pointno='None    '; 
 
if pointno='None' then points='Nopnts  '; 
else points='Points  '; 
 
if wstefkg2=1 then wastflk='Present '; 
else wastflk='Absent  '; 
 
if wastflk='Absent   ' then wasteflk='Nowstflk'; 
else wasteflk='Wastflk'; 
 
if agline=1 then grvstruc='linear '; 
else grvstruc='cluster'; 
 
if z180_vis=1 then outlook='180deg '; 
else outlook='limited'; 
 
if vis600=1 then visible='<600m  '; 
if vis6_1k=1 then visible='600m-1k'; 
if vis1000=1 then visible='>1000m '; 
 
if cliffspr=1 then clifspur='<25m'; 
else clifspur='>25m'; 
 
if ptgg2=1 then painting='2plus   '; 
if ptgle2=1 then painting='Less2   '; 
if (ptgg2=0 and ptgle2=0) then painting='None    '; 
 
if ptgm2m2m=1 then paintmot='Present '; 
else paintmot='Absent  '; 
 
if stencils=1 then stencil='Stencil '; 
else stencil='NoStenc '; 
 
if ravrivar=1 then ravine='ravine'; 
else ravine='notrav'; 
 
if geomic=1 then miniflk='Miniflak'; 
else miniflk='NoMinflk  '; 
 
if axes=1 then axe='Axes    '; 
else axe='NoAxes  '; 
 
if ret_use=1 then retouch='Retouch '; 
else retouch='NoRetch '; 
 
if (natdemar=1 and natdemft=1 and scndft=1 and 
rdelvtft=1 and rdhhpk=1) then specfet1='All     '; 
if (natdemar=1 and natdemft=1 and scndft=1 and 
rdelvtft=1 and rdhhpk=0) then specfet1='Nohh    '; 
if (natdemar=1 and natdemft=1 and scndft=1 and 
rdelvtft=0 and rdhhpk=1) then specfet1='Noel    '; 
if (natdemar=1 and natdemft=1 and scndft=1 and 
rdelvtft=0 and rdhhpk=0) then specfet1='scftar  '; 
if (natdemar=1 and natdemft=1 and scndft=0 and 
rdelvtft=1 and rdhhpk=1) then specfet1='Nosc    '; 
if (natdemar=1 and natdemft=1 and scndft=0 and 
rdelvtft=1 and rdhhpk=0) then specfet1='arftel  '; 
if (natdemar=1 and natdemft=1 and scndft=0 and 
rdelvtft=0 and rdhhpk=1) then specfet1='arfthh  '; 
if (natdemar=1 and natdemft=1 and scndft=0 and 
rdelvtft=0 and rdhhpk=0) then specfet1='arft    '; 
if (natdemar=1 and natdemft=0 and scndft=1 and 
rdelvtft=1 and rdhhpk=1) then specfet1='Noft    '; 
if (natdemar=1 and natdemft=0 and scndft=1 and 
rdelvtft=1 and rdhhpk=0) then specfet1='arscel  '; 
if (natdemar=1 and natdemft=0 and scndft=1 and 
rdelvtft=0 and rdhhpk=1) then specfet1='arschh  '; 
if (natdemar=1 and natdemft=0 and scndft=1 and 
rdelvtft=0 and rdhhpk=0) then specfet1='arsc    '; 
if (natdemar=0 and natdemft=1 and scndft=1 and 
rdelvtft=1 and rdhhpk=1) then specfet1='Noar    '; 
if (natdemar=0 and natdemft=1 and scndft=1 and 
rdelvtft=1 and rdhhpk=0) then specfet1='ftscel  '; 
if (natdemar=0 and natdemft=1 and scndft=1 and 
rdelvtft=0 and rdhhpk=1) then specfet1='ftschh  '; 
if (natdemar=0 and natdemft=1 and scndft=1 and 
rdelvtft=0 and rdhhpk=0) then specfet1='ftsc    '; 
if (natdemar=1 and natdemft=0 and scndft=0 and 
rdelvtft=1 and rdhhpk=1) then specfet1='arelhh  '; 
if (natdemar=1 and natdemft=0 and scndft=0 and 
rdelvtft=1 and rdhhpk=0) then specfet1='arel    '; 
if (natdemar=1 and natdemft=0 and scndft=0 and 
rdelvtft=0 and rdhhpk=1) then specfet1='arhh    '; 
if (natdemar=1 and natdemft=0 and scndft=0 and 
rdelvtft=0 and rdhhpk=0) then specfet1='aronly  '; 
if (natdemar=0 and natdemft=1 and scndft=0 and 
rdelvtft=1 and rdhhpk=1) then specfet1='ftellhh '; 
if (natdemar=0 and natdemft=1 and scndft=0 and 
rdelvtft=1 and rdhhpk=0) then specfet1='ftel    '; 
if (natdemar=0 and natdemft=1 and scndft=0 and 
rdelvtft=0 and rdhhpk=1) then specfet1='fthh    '; 
if (natdemar=0 and natdemft=1 and scndft=0 and 
rdelvtft=0 and rdhhpk=0) then specfet1='ftonly  '; 
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if (natdemar=0 and natdemft=0 and scndft=1 and 
rdelvtft=1 and rdhhpk=1) then specfet1='scelhh  '; 
if (natdemar=0 and natdemft=0 and scndft=1 and 
rdelvtft=1 and rdhhpk=0) then specfet1='scel    '; 
if (natdemar=0 and natdemft=0 and scndft=1 and 
rdelvtft=0 and rdhhpk=1) then specfet1='schh    '; 
if (natdemar=0 and natdemft=0 and scndft=1 and 
rdelvtft=0 and rdhhpk=0) then specfet1='sconly  '; 
if (natdemar=0 and natdemft=0 and scndft=0 and 
rdelvtft=1 and rdhhpk=1) then specfet1='elhh    '; 
if (natdemar=0 and natdemft=0 and scndft=0 and 
rdelvtft=1 and rdhhpk=0) then specfet1='elonly  '; 
if (natdemar=0 and natdemft=0 and scndft=0 and 
rdelvtft=0 and rdhhpk=1) then specfet1='hhonly  '; 
if (natdemar=0 and natdemft=0 and scndft=0 and 
rdelvtft=0 and rdhhpk=0) then specfet1='None    '; 
 
if (natdemar=1 and natdemft=1 and scndft=1) then 
specfeat='All     '; 
if (natdemar=1 and natdemft=1 and scndft=0) then 
specfeat='Nosec   '; 
if (natdemar=1 and natdemft=0 and scndft=1) then 
specfeat='Nodeft  '; 
if (natdemar=0 and natdemft=1 and scndft=1) then 
specfeat='Nodefa  '; 
if (natdemar=1 and natdemft=0 and scndft=0) then 
specfeat='areaonly'; 
if (natdemar=0 and natdemft=1 and scndft=0) then 
specfeat='featonly'; 
if (natdemar=0 and natdemft=0 and scndft=1) then 
specfeat='seconly '; 
if (natdemar=0 and natdemft=0 and scndft=0) then 
specfeat='None    '; 
 
if (rdelvtft=1 or rdhhpk=1) then elvfeat='Yes'; 
else elvfeat='No '; 
 
if (flktype='Both    ' and flakemat='mud&qtz ' and 
toolno='5plus   ' and pointno='5plus   ' 
    and smflkno='5plus   ' and lgflkno='5plus   ' and 
h2odist='   <100m') then occupat='High    '; 
else occupat='Low     '; 
 
proc freq; 
tables prox; 
tables prox*sitetype; 
tables h2odist*prox*sitetype; 
tables h2odist*prox1; 
tables h2odist*prox1*sitetype; 
tables h2odist*prox1*sitetype*largeflk; 
tables h2odist*prox1*sitetype*smallflk; 
tables h2odist*prox1*sitetype*retouch; 
tables h2odist*prox1*wasteflk; 
tables h2odist*prox1*sitetype*wasteflk; 
tables h2odist*prox1*sitetype*tools; 
tables h2odist*prox1*sitetype*flktype; 
tables h2odist*prox1*sitetype*axes; 
tables h2odist*prox1*points; 
tables h2odist*prox1*sitetype*points; 
tables h2odist*prox1*sitetype*stencils; 
tables h2odist*prox1*miniflk; 
tables h2odist*prox1*sitetype*miniflk; 
 
tables hirelelv*specfeat; 
tables hirelelv*specfeat*sitetype; 
tables hirelelv*specfeat*sitetype*largeflk; 
tables hirelelv*specfeat*sitetype*smallflk; 
tables hirelelv*specfeat*sitetype*retouch; 
tables hirelelv*specfeat*sitetype*wasteflk; 
tables hirelelv*specfeat*sitetype*tools; 
tables hirelelv*specfeat*sitetype*flktype; 
tables hirelelv*specfeat*sitetype*axes; 
tables hirelelv*specfeat*sitetype*points; 
tables hirelelv*specfeat*sitetype*stencils; 
tables hirelelv*specfeat*sitetype*miniflk; 
 
tables hirelelv*h2odist; 
tables hirelelv*specfet1; 
tables hirelelv*specfet1*sitetype; 
tables hirelelv*specfet1*sitetype*largeflk; 
tables hirelelv*specfet1*sitetype*smallflk; 
tables hirelelv*specfet1*sitetype*retouch; 
tables hirelelv*h2odist*wasteflk; 
tables hirelelv*specfet1*sitetype*wasteflk; 
tables hirelelv*specfet1*sitetype*tools; 
tables hirelelv*specfet1*sitetype*flktype; 
tables hirelelv*specfet1*sitetype*axes; 
tables hirelelv*h2odist*points; 
tables hirelelv*specfet1*sitetype*points; 
tables hirelelv*specfet1*sitetype*stencils; 
tables hirelelv*h2odist*miniflk; 
tables hirelelv*specfet1*sitetype*miniflk; 
 
proc freq; 
tables flakemat; 
tables prox1*flakemat; 
tables prox1*flakemat*sitetype; 
tables h2odist*flakemat*sitetype; 
tables specfeat*flakemat; 
tables specfeat*flakemat*sitetype; 
tables h2odist*flakemat; 
tables hirelelv*h2odist*flakemat; 
tables hirelelv*h2odist*flakemat*sitetype; 
tables flakemat*sitetype; 
tables miniflk*flakemat; 
tables miniflk*flakemat*sitetype; 
tables hirelelv*elevate*h2odist; 
tables hirelelv*elevate*h2odist*sitetype; 
tables hirelelv*flktype*h2odist; 
tables hirelelv*flktype*h2odist*sitetype; 
tables hirelelv*h2odist; 
tables hirelelv*h2odist*miniflk; 
tables hirelelv*h2odist*points; 
tables flakemat*(smallflk largeflk tools wasteflk points 
miniflk retouch); 
tables sitetype*flakemat*(smallflk largeflk tools 
wasteflk points miniflk retouch); 
 
proc freq; 
tables tools; 
tables tools*sitetype; 
where h2odist='   <100m'; 
 
proc freq; 
tables tools; 
tables tools*sitetype; 
where h2odist='100-500m'; 
 
proc freq; 
tables tools; 
tables tools*sitetype; 
where (h2odist='   <100m' and hirelelv='HiRelElv'); 
 
proc freq; 
tables tools; 
tables tools*sitetype; 
where (h2odist='100-500m' and hirelelv='HiRelElv'); 
 
proc freq; 
tables tools*sitetype; 
where (h2odist='   <100m' and prox1 
in('trun','egrv','egv&trun')); 
 
proc freq; 
tables tools*sitetype; 
where (h2odist='100-500m' and prox1 
in('trun','egrv','egv&trun')); 
 
proc freq; 
tables smallflk; 
tables smallflk*sitetype; 
where h2odist='   <100m'; 
 
proc freq; 
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tables smallflk; 
tables smallflk*sitetype; 
where h2odist='100-500m'; 
 
proc freq; 
tables smallflk; 
tables smallflk*sitetype; 
where (h2odist='   <100m' and hirelelv='HiRelElv'); 
 
proc freq; 
tables smallflk; 
tables smallflk*sitetype; 
where (h2odist='100-500m' and hirelelv='HiRelElv'); 
 
proc freq; 
tables smallflk*sitetype; 
where (h2odist='   <100m' and prox1 
in('trun','egrv','egv&trun')); 
 
proc freq; 
tables smallflk*sitetype; 
where (h2odist='100-500m' and prox1 
in('trun','egrv','egv&trun')); 
 
proc freq; 
tables largeflk; 
tables largeflk*sitetype; 
where h2odist='   <100m'; 
 
proc freq; 
tables largeflk; 
tables largeflk*sitetype; 
where h2odist='100-500m'; 
 
proc freq; 
tables largeflk; 
tables largeflk*sitetype; 
where (h2odist='   <100m' and hirelelv='HiRelElv'); 
 
proc freq; 
tables largeflk; 
tables largeflk*sitetype; 
where (h2odist='100-500m' and hirelelv='HiRelElv'); 
 
proc freq; 
tables largeflk*sitetype; 
where (h2odist='   <100m' and prox1 
in('trun','egrv','egv&trun')); 
 
proc freq; 
tables largeflk*sitetype; 
where (h2odist='100-500m' and prox1 
in('trun','egrv','egv&trun')); 
 
proc freq; 
tables retouch; 
tables retouch*sitetype; 
where h2odist='   <100m'; 
 
proc freq; 
tables retouch; 
tables retouch*sitetype; 
where h2odist='100-500m'; 
 
proc freq; 
tables retouch; 
tables retouch*sitetype; 
where (h2odist='   <100m' and hirelelv='HiRelElv'); 
 
proc freq; 
tables retouch; 
tables retouch*sitetype; 
where (h2odist='100-500m' and hirelelv='HiRelElv'); 
 
proc freq; 
tables retouch*sitetype; 
where (h2odist='   <100m' and prox1 
in('trun','egrv','egv&trun')); 
 
proc freq; 
tables retouch*sitetype; 
where (h2odist='100-500m' and prox1 
in('trun','egrv','egv&trun')); 
 
proc freq; 
tables prox1; 
where (agclustr=1 and agdpg15=1); 
 
proc freq; 
tables prox1; 
where (agclustr=1 and agdple15=1); 
 
proc freq; 
tables prox1; 
where (agline=1 and agdple15=1); 
 
proc freq; 
tables prox1; 
where (agline=1 and agdpg15=1); 
 
proc freq; 
tables specfeat; 
where (agclustr=1 and agdpg15=1); 
 
proc freq; 
tables specfeat; 
where (agclustr=1 and agdple15=1); 
 
proc freq; 
tables specfeat; 
where (agline=1 and agdple15=1); 
 
proc freq; 
tables specfeat; 
where (agline=1 and agdpg15=1); 
 
proc freq; 
tables sitetype*(accsub--unidim); 
 
/********************************* Printouts  
 
proc print; 
var siteid; 
where specfeat='All    '; 
 
proc print; 
var siteid; 
where (specfeat='All    ' and prox1='egv&trun'); 
 
proc print; 
var siteid; 
where (prox1 in('egv&trun','egrv','trun')); 
 
proc print; 
var siteid; 
where specfet1='All    '; 
 
proc print; 
var siteid; 
where (flktype='Neither ' and (tools='Tools   ' or  
points='Points  ')); 
 
run; 
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2.3  Select and Supplementary Crosstable Results 
 
The tables in this section are amalgamations of multi-way crosstables resulting from the SAS PROC 
FREQ analysis.  Relevant descriptive data from extremely large crosstables (e.g. 200-500 cell tables) 
was extracted and repackaged into more meaningful tables useful for preliminary analysis of BMNP 
Project data prior to multivariate analysis (chapter 6). 
 
2.3.1  Site Class Categories for Frequency Analysis (and Crosstables) 
Site Class Categories: 
1.  AGG – open sites consisting primarily of axe grinding grooves. 
2.  Engrave – open sites consisting primarily of engravings. 
3.  Multidim – shelter sites and/or evidence of heavy occupation. 
4.  Paintings – shelter sites with pigment art. 
5.  Transit – open sites consisting primarily of light occupation material in open locations. 
6.  Unidim – open sites consisting primarily of one type of flaked stone artefact. 
Table 3:  Code table for site class categories.  
SITE CLASS CATEGORIES, PROC FREQ CODES, NUMBERS, CHART NAMES 
SAS FORMAT 
1 
BMNP 
(norm) AGG ENGRAVE MULTIDIM* PAINTING*+ TRANSIT UNIDIM 
CHART/TABLE 
NAME BMNP Agg Egv Multi PAINT or P&D TT Uni 
NUMBER 418 131 24 108 53 51 51 
SAS FORMAT 
COMBINED 
CLASSES 
BMNP AGGEGV MULTIDIM TRANSTMP UNIDIM 
NUMBER 418 155 161 51 51 
*STENCILS (n25) form a sub group of MULTIDIM and PAINTING. 
+PAINTING includes all forms of pigment art (e.g., drawings etc.). 
 
 
2.3.2  Elevation Crosstabulations 
Table 4:  Crosstable results of site class with relative and absolute elevations. 
Relative and Absolute Elevations 
Category Relative Elevation 
Absolute Elevation 
<600 >600<800 >800 
BMNP General (418) 
0 (Low) 39% 4% 5% 
1 (High) 28% 7% 18% 
Multidimensional (161) 
0 58% 3% 5% 
1 21% 6% 8% 
Transit (51) 
0 26% 6% 6% 
1 49% * 14% 
Unidimensional (51) 
0 37% 8% 6% 
1 31% 4% 14% 
Axe Grinding (131) 
0 26% 2% 4% 
1 24% 11% 34% 
Engraving (24) 
0 8% 4% * 
1 50% 17% 21% 
Table 5:  Crosstable results of site class with cores, cortex and relative elevation. 
Relative Elevation / Material 
Category Relative Elevation 
Material 
Both Cores Cortex Neither 
BMNP General (418) 0 (Low) 10% 1% 9% 27% 
 1 (High) 7% 1% 3% 41% 
Multidimensional (161) 0 17% 2% 17% 30% 
 1 14% 1% 4% 14% 
Transit (51) 0 * * * 37% 
 1 * * * 62% 
Unidimensional (51) 0 24% 6% 20% 2% 
 1 16% 4% 8% 22% 
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Table 6:  Crosstable results of site class with distance to water and relative and absolute elevations. 
Relative and Absolute Elevations / Distance to Water* 
Category Relative Elevation 
Absolute Elevation/ Distance to Water 
<600 >600<800 >800 
Distance to Water 
<100m 100m-500m <100m 100m-500m <100m 100m-500m 
BMNP General (418) 0 (Low 196) 35% 4% 3% * 4% * 
 1 (High 222) 10% 19% 2% 5% 4% 14% 
Multidimensional (108) 0 (65) 47% 5% 2% 2% 5% * 
 1 (43) 13% 11% 4% 3% 4% 6% 
Transit (51) 0 (19) 20% 6% 6% * 4% 2% 
 1 (32) 16% 39% * * 4% 10% 
Unidimensional (51) 0 (26) 33% 4% 8% * 6% * 
 1 (25) 10% 22% 2% 2% 6% 8% 
Axe Grinding (131) 0 (42) 24% 2% 2% * 2% 2% 
 1 (89) 9% 15% 2% 9% 6% 27% 
Engraving (24) 0 (3) 8% * * 4% * * 
 1 (21) 8% 42% 4% 13% 4% 17% 
Painting (53) 0 (41) 68% 4% * * 6% * 
 1 (12) 4% 11% 2% 2% * 4% 
*The 3% of material located beyond 500 meters from water is included in the 100m-500m column.  
Figure 1:  Site classes at high relative elevation crosstabulated against absolute elevation and distance to water.  
Proportions compare the value of each column to the class total (see legend). 
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Figure 2:  Site classes at low relative elevation crosstabulated against absolute elevation and distance to water.  
Proportions compare the value of each column to the class total (see legend). 
0.00%
10.00%
20.00%
30.00%
40.00%
50.00%
60.00%
70.00%
80.00%
90.00%
100.00%
<600 high <100m dist <600 high >100m dist >6<8 high <100m dist <6<8 high >100m dist >8 high <100m dist >8 high >100m
BMNP Low Mean (n196)
TT Low (n19)
AGG Low (n42)
Egv Low (n3)
Paint Low (n41)
  
Appendix B  BMNP Project Frequency Descriptions 351 
 
2.3.3  Special Topographic Features Crosstabulations 
Table 7:  Crosstable results of site class at high relative elevation with select topographic features. 
High Relative Elevation/Special Topographic Features 
Category 
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BMNP (222) 28% 15% 24% * 2% 4% 11% 16% 
Multidimensional (43) 49% 9% 12% * 2% 2% 14% 12% 
Transit (32) 28% 19% 38% * 3% 6% 3% 3% 
Unidimensional (25) 32% 16% 24% * * * 4% 24% 
Axe Grinding (89) 19% 10% 28% * * 6% 15% 21% 
Painting/Drawing (12) 50% 17% 25% * 8% * * * 
Engravings (21) 10% 38% 10% * 5% * 19% 19% 
 
Table 8:  Crosstable results of site class with special topographic features. 
Special Topographic Features 
Category None All Area only 
1or 
less 
BMNP 42% 9% 23% 79% 
Multidimensional 57% 5% 17% 79% 
Transit 37% 12% 35% 80% 
Unidimensional 43% 10% 24% 73% 
Axe Grinding 30% 7% 27% 61% 
Painting/Drawing 59% 7% 19% 85% 
Stencil 50% 12% 15% 73% 
Engravings 15% 45% 5% 25% 
 
Table 9:  Crosstable results of site class and special topographic features with points and geometric microliths. 
Special Topographic Features/ Points (Blades) Special Topographic Features/ Geometric Microliths 
Category (Points) 
N
on
e 
A
ll 
A
re
a 
on
ly
 
1o
r l
es
s 
N
o 
S
ec
on
da
ry
 
Fe
at
ur
es
 
Category 
(Geometrics) N
on
e 
A
ll 
A
re
a 
on
ly
 
1o
r l
es
s 
N
o 
S
ec
on
da
ry
 
Fe
at
ur
es
 
BMNP General (44) 43% 5% 9% 52% 23% BMNP General (31) 36% 10% 26% 65% 23% 
Multidim (38) 40% 5% 8% 57% 24% Multidim (16) 50% * 19% 69% 31% 
Transit (11) 80% * 20% * * Transit (11) 18% 27% 36% 55% * 
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2.3.3.1  Orientation and Visibility Crosstabulations 
 
Table 10: Crosstable results of site class with cardinal orientation and access orientation.  
Orientation/Direction/Access 
Category Orientation 
Access 
Totals 
Not Oriented Oriented 
BMNP General (418) 
EW 24% 36% 60% 
NS 14% 26% 40% 
Multidimensional* (161) 
EW 23% 34% 57% 
NS 18% 25% 43% 
Transit (51) 
EW 41% 33% 74% 
NS 8% 18% 26% 
Unidimensional (51) 
EW 20% 29% 49% 
NS 24% 27% 51% 
Axe Grinding** (133) 
EW 18% 43% 61% 
NS 8% 31% 39% 
Engravings (24) 
EW 38% 29% 67% 
NS 8% 25% 33% 
Totals 
 41% 59% EW 61% 
   NS 39% 
*Paintings are included. **Certain engraving site may be included. 
 
Table 11: Crosstable results of site class with access orientation, proximity to cliffline or spur and 180˚outlook. 
Orientation/Outlook 
Category Access 
Cliff or Spur 
<25m 180 
Outlook 
Cliff or Spur 
<25 Limited 
Outlook 
Totals 
BMNP General (182) Not Oriented 18% 16% 34% 
Oriented 42% 23% 66% 
Multidimensional* (41) 
Not Oriented 27% 15% 42% 
Oriented 27% 32% 58% 
Transit (31) 
Not Oriented 19% 29% 48% 
Oriented 23% 29% 52% 
Unidimensional (17) 
Not Oriented 24% 12% 36% 
Oriented 47% 18% 64% 
Axe Grinding (77) 
Not Oriented 12% 13% 25% 
Oriented 53% 22% 75% 
Engravings (16) 
Not Oriented 25% 12% 37% 
Oriented 63% * 63% 
Totals 
 63% 37% NtOd 37% 
   Od 63% 
 
 
Orientation and Visibility  Analyses of site orientation proved difficult.  Overall most sites favour an 
east-west (60%) orientation.  This seems consistent with the regions ecological norm as described by 
Holland (1972) and applied by Stockton and Holland (1974).  The most hospitable site locations have 
an east-west orientation.  No specific pattern in cardinal orientation outside of the ecological one is 
apparent in the analysis of class based data.  The implications of individual assemblage/variable 
orientation can only be interpreted on a case by case basis. 
Visibility, not surprisingly, relates strongly to high relative elevation (HRE).  The profile of 
accumulated visibility categories in the figure below is consistent with the analysis of HRE in chapter 
6, part II.  Outside of this observation, there is interest in the lower proportions of visibility which 
relate to Transit and Unidim classes.  This indicates that less significance is attached to visibility than 
relative elevation for these classes.  The opposite trend is true for Engraving and Axe grinding groove 
site classes where visibility and HRE are clearly important. 
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Figure 3:  External visibility by site class.  High proportions indicate a greater ability to see into the distance.  (Average 
combination of matrix numbers 71-74.) 
  
 
 
 
 
 
2.3.4  Proximity Crosstabulations 
Table 12: Crosstable results of site class with site class proximity. 
Extended Proximity (29 possible) 
Category 
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outliers Total % 
BMNP General 
(418) 3% 3% 2% 14% 9% 9% 6% 3% 12% 2% * 10% 4% 
5% 
AGG/P&D/
MD 
82% 
Multidimensional 
(108) 5% 3% * 17% 5% 7% * * 19% * * 12% 10%  88% 
Transit (51) * 2% * 26% * 20% 22% * 2% * 6% 8% *  86% 
Unidimensional 
(51) 4% 2% 2% 22% 2% 6% 4% 6% 24% * * 12% 2% 
 6% 
TT/MD 92% 
Axe Grinding (131) 2% 4% 2% 8% 25% 8% 5% 3% 9% 8% * 3% 2% 7%AGG/P&D/MD 86% 
Painting (53) 2% 2% 6% 8% * 11% * * 6% * * 28% 10%  83% 
Engraving (24) 13% * * 8% * * 30% 21% 4% * 4% * *  80% 
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Table 13: Crosstable results of site class with limited selection of site class proximity and distance to water. 
Limited Proximity (16 possible)/Distance from Water ** 
Category Distance from Water (# / range) 
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BMNP General (404) 
242 / <100m 5% 15% 13% 7% 26% 3% 2% 
162 / 100m-500m 7% 8% 22% 3% 10% 12% 2% 
Multidimensional (107) 
80 / <100m 5% 13% 14% 11% 33% 3% * 
27 / 100m-500m 15% 11% 33% 7% 4% 4% * 
Transit (47) 
22 / <100m * 14% 14% * 27% 14% 8% 
25 / 100m-500m 4% 4% 40% * 4% 32% * 
Unidimensional (50) 
33 / <100m 3% 15% 36% 3% 30% 3% 3% 
17 / 100m-500m 12% 12% 12% 6% 29% 6% 18% 
Axe Grinding (123) 
59 / <100m 5% 5% 3% 5% 20% * 2% 
64 / 100m-500m 6% 5% 16% * 11% 8% * 
Engraving (24) 
6 / <100m 33% * * * * 33% * 
18 / 100m-500m 6% * 11% * 6% 33% 6% 
Painting/Drawing (53) 
42 / <100m 5% 33% 10% 12% 19% * 2% 
11 / 100m-500m * 36% 27% 10% 10% * * 
** Materials located beyond 500m from water and or outside 1000m proximity area are not included. 
 
 
Table 14: Crosstable results of site class with site class proximity and the presence of waste flakes. 
Proximity/Waste Flakes ** 
Category with Waste 
Flakes (#) 
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BMNP General  2% 17% 7% 6% 12% 5% 5% 20% 
BMNP (175) 4% 20% 8% 5% 11% 6% 3% 23% 
Multidimensional (99) 2% 19% 2% 6% 11% 10% 3% 22% 
Transit (40) 10% 23% 28% 3% 8% * 3% 13% 
Unidimensional (31) 3% 19% * 6% 13% 3% 3% 45% 
**Any waste flakes located beyond 500m from water and or outside 1000m proximity area are not included. 
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Table 15: Crosstable results of site class with site class proximity and the presence of geometric microliths. 
Proximity/Geometric Microliths ** 
Category with 
Geometric Microliths 
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BMNP General (none) 2% 17% 7% 6% 12% 5% 5% 20% 
BMNP (31) 3% 10% 26% 10% * * 3% 16% 
Multidimensional (16) * 13% 6% 19% * * 6% 13% 
Transit (11) 9% * 64% * * * * * 
**Any geometric microliths located beyond 500m from water and or outside 1000m proximity area are 
not included. 
 
 
 
 
Table 16: Crosstable results of site class with select site class proximity and the presence of special topographic features, 
geometric microliths or waste flakes. 
Proximity to Site Class EgvTT Combo 
with All Special Topographic Features 
Site Classes: Egv Only/ EgvTT Combo/ 
TT Only with Select Proximity and 
Geometrics  
Site Classes: Egv Only/ EgvTT 
Combo/ TT Only with Select Proximity 
and Waste Flakes  
Categories Proximity to Egv/TT Category Select. Prox. Category Select. Prox. 
BMNP General (37) 12 32% BMNP General (418) 108 26% BMNP General (418) 108 26% 
   BMNP (31) 12 39% BMNP (175) 56 32% 
Multidimensional (8) 1 13% Multidimensional (16) 3 19% Multidimensional (99) 23 23% 
Transit (6) 5 83% Transit (11) 8 73% Transit (40) 24 60% 
Unidimensional (5) 1 20%    Unidimensional (31) 7 23% 
Axe Grinding (9) 2 22%       
Engraving (9) 3 33%       
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2.3.5  Stone Materials and Lithic Categories in Crosstabulation 
 
Table 17: Crosstable results of site class with stone material type. 
Category by Material Type 
Category None Basalt Only 
MSC/ 
Basalt 
MSC/ 
Quartz 
MSC 
Only All 
Quartz/ 
Basalt 
Quartz 
Only 
BMNP 44% 5% * 20% 13% 10% * 7% 
AGG 82% 13% * 2% 3% * * * 
Engrave 92% * * * 4% * * 4% 
Multidimensional 9% * * 37% 27% 21% * 7% 
Painting 53% * * 25% 13% 6% 2% 2% 
Transit 2% 4% * 29% 8% 22% 2% 33% 
Unidimensional 27% * 8% 26% 18% 14% 4% 4% 
 
 
 
 
Table 18: Crosstable results of site class with waste flake, points, geometric microliths and stone material type. 
Site Class/ Waste 
Flk by Flake 
Material 
MSC 
Variations 
Quartz 
Only 
Site Class/ 
Points by Flake 
Material 
MSC 
Variations 
Quartz 
Only 
Site Class/ 
Geometrics by 
Flake Material 
MSC 
Variations 
Quartz 
Only 
Multidim (n79) 59 75% 4 5% Multidim (n34) 31 91% 0 0% Multidim (n16) 14 88% 0 0% 
Paint (n20) 15 75% 1 5% Paint (n4) 4 100% 0 0% Paint (n/a)     
Transit (n40) 25 63% 13 33% Transit (n5) 4 100% 0 0% Transit (n11) 4 36% 6 55% 
Unidim (n31) 17 55% 1 3% Unidim (n/a)     Unidim (n3) 3 100% 0 0% 
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2.3.5.1  Cores and Cortex 
Table 19: Crosstable results of site class with flake size quantity and the presence of cores and cortex. 
Flake Size and Quantity/Presence of Cortex and Core 
Category Small Flakes Assemblage Size Core Cortex Both Neither 1 or more 
  No. % No. % No. % No. % % 
BMNP (182) 
>=5 5 3% 5 3% 33 18% 22 12% 64% 
<5 5 3% 36 20% 32 18% 43 24%  
Multidimensional (104) 
>=5 1 * 3 3% 27 26% 5 5% 77% 
<5 4 4% 25 24% 20 19% 19 18%  
Unidimensional (36) 
>=5 4 11% 2 6% 6 17% 0 * 100% 
<5 1 3% 10 28% 12 33% 0 *  
Transit (34) 
>=5 0 * 0 * 0 * 15 44% 0% 
<5 0 * 0 * 0 * 19 56%  
 
 
Table 20: Crosstable results of site class with flake size and quantity and the presence of cores and cortex. 
Flake Size and Quantity/Presence of Cortex and Core 
Category Large Flakes Assemblage Size Core Cortex Both Neither 1 or more 
  No. % No. % No. % No. % % 
BMNP (156) 
>=5 1 * 2 * 31 20% 6 4% 
72% 
<5 7 5% 34 22% 37 24% 38 24% 
Multidimensional (94) 
>=5 1 * 1 * 28 30% 2 2% 
80% 
<5 2 2% 22 23% 21 22% 17 18% 
Unidimensional (36) 
>=5 0 * 1 3% 3 8% 0 * 
100% 
<5 5 14% 11 31% 16 44% 0 * 
Transit (23) 
>=5 0 * 0 * 0 * 4 17% 
0% 
<5 0 * 0 * 0 * 19 83% 
 
 
Table 21:  Crosstable results of site class with the presence of cores and cortex. 
Cores and Cortex 
Category 
Cores Cortex Both Neither 1 or more 
No. % No. % No. % No. % % 
BMNP (418) 10 2% 51 12% 71 17% 286 68% 32% 
Multidimensional 
(161) 5 3% 34 21% 51 32% 71 44% 55% 
Unidimensional (51) 5 10% 14 28% 20 40% 12 24% 76% 
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Cores and Cortex  The BMNP Project uses a binary cortex typology in measuring the presence of 
dorsal cortex.  Cortex is either plainly visible (>10%) or not present.  This allows for  the variation in 
recording styles in previously recorded site records.  The table below places the occurrence of cores 
and cortex into a mutually exclusive index, where there is an independent measure of sites with: cores 
only (with cortex), cortex only (lithics other than a core with cortex) or both.  The first frequency is the 
class total, the second the amount of this total at high relative elevation (HRE). 
 
Table 22:  Cores and cortex in a mutually exclusive index. 
f SC% f HRE % F SC% f HRE % F SC% f HRE % f SC% f HRE %
Cores Only 5 7% 2 7% 0 0% 0 0% 5 13% 0 0% 10 8% 4 7%
Cortex Only 25 36% 5 18% 9 45% 2 50% 14 36% 2 50% 51 39% 11 18%
Cores and Cortex 40 57% 21 75% 11 55% 2 50% 20 51% 2 50% 71 54% 46 75%
Totals 70 100% 20 100% 39 100% 132 100%
Totals HRE 28 100% 4 100% 4 100% 61 100%
*Agg/Egv and Transit sites with less than 1% core or cortex and are not included. 'Cores Only' means that a flake or implement other than a core exhibited cortex.
Combined Cores 
and Cortex*
Uni BMNP MeanMulti Paint
 
  
 
Figure 4:  Graphs of cortex by site class and high relative elevation. 
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2.3.6  Axe Grinding Grooves Crosstabulations 
Table 23:  Crosstable results of grinding groove structure with groove depth and the presence of special topographic 
features. 
Grinding Groove Structure/Depth/Special Topographic Features  
Groove 
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Cluster >15mm 70 30% 6% 29% 7% * * 10% 19% 
Cluster <15mm 31 26% 10% 23% * * 3% 13% 26% 
Linear <15mm 38 11% 29% 21% * 3% 13% 5% 18% 
Linear >15mm 33 30% 9% 18% 6% * 3% 3% 30% 
 
 
 
Table 24:  Crosstable results of grinding groove structure with groove depth and limited site class proximity. 
Grinding Groove Structure/Depth/Proximity (16) 
Groove 
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Cluster >15mm 70 4% 7% 17% 4% 14% 29% 3% 3% 4% 3% 9% 
Cluster <15mm 31 3% * 32% * 3% 19% 13% 3% 3% 3% 7% 
Linear <15mm 38 13% * 11% * * 26% 16% 16% 3% * 11% 
Linear >15mm 33 3% * 6% 6% 3% 58% 12% 3% 3% * 6% 
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2.3.7  Variable Trends in Crosstabulation 
 
Table 25:  Crosstable results of the trend for variation in site class with lithic categories over a changing distance to water and select site class proximity (EgvTT) and high relative elevation. 
Site Class Variable 
Variable 
Material No. 
and % from 
Cat. Total 
Material <100m from Water Cumulative Index <500m from Water Trend 
Variable No. 
and % from 
Variable Total 
No 
Association 
Norm to 
be <100m 
[A1] [A2] [B1] [B2] [C] [D] 
Proximity to 
Egv and TT 
Norm to 
be <100 & 
Prox. 
Proximity to 
Egv and TT 
Norm to 
<500 & 
Prox. 
High relative 
elevation 
(HRE) 
Norm to 
be <100 
& HRE. 
High 
relative 
elevation 
(HRE) 
Norm to 
be <500 
& HRE. 
Variation 
Rating 
[Change 
from A1 to 
A2] 
Variation 
Rating 
[Change 
from B1 to 
B2] No. Cat.% No. Var.
% 
Var.% No. Var.
% 
Var.% No. Var.% Var.% No. Var.
% 
Var.% No. Var.
% 
Var.% 
BMNP (418) 
GeoMic (n31) 31 7% 22 71% 
58% 
6 19% 
19% 
12 39% 
25% 
8 26% 
16% 
22 71% 
50% 
Increase Increase 
Point/Blade (n44) 44 11% 30 68% 4 9% 12 27% 14 32% 23 52% Mod. Decrease 
Waste (n175) 175 42% 95 54% 27 15% 55 31% 34 19% 76 57% Increase Mod. 
Tools Misc (n70) 70 17% 48 69% 8 12% 17 24% 15 22% 28 40% Mod. Decrease 
SmFlk (n182) 182 44% 124 68% 27 15% 56 31% 34 19% 80 44% Mod. Decrease 
LgFlk (n157) 157 38% 113 72% 22 14% 39 25% 26 17% 56 36% Mod. Decrease 
Ret/Use (n51) 51 12% 32 63% 5 10% 13 25% 11 22% 26 51% Mod. Decrease 
Multidim 
(161) 
GeoMic (n16) 16 10% 12 75% 
77% 
3 19% 
19% 
3 19% 
21% 
8 50% 
20% 
11 69% 
34% 
Stable Stable 
Point/Blade (n38) 38 24% 28 74% 4 11% 10 26% 13 34% 19 50% Mod. Increase 
Waste (n99) 99 61% 57 57% 14 14% 23 23% 22 22% 36 36% Mod. Stable 
Tools Misc (n54) 54 34% 40 74% 6 11% 13 24% 13 24% 21 39% Mod. Mod. 
SmFlk (n104) 104 65% 82 79% 14 13% 24 23% 23 22% 40 38% Mod. Stable 
LgFlk (n95) 95 60% 75 79% 11 12% 19 20% 20 21% 33 35% Stable Stable 
Ret/Use (n35) 35 22% 25 71% 3 9% 4 11% 11 31% 19 54% Stable Increase 
Transit (51) 
GeoMic (n11) 11 22% 7 64% 
45% 
3 27% 
36% 
7 73% 
55% 
6 55% 
32% 
10 91% 
60% 
Increase Increase 
Point/Blade (n5) 5 10% 2 40% 0 * 0 * 1 20% 4 80% Stable Increase 
Waste (n40) 40 78% 15 38% 6 15% 24 60% 7 18% 29 73% Increase Increase 
Tools Misc (n7) 7 14% 3 43% 0 * 1 14% 0 * 1 14% Stable Stable 
SmFlk (n34) 34 67% 14 41% 5 15% 19 56% 6 18% 23 68% Mod. Increase 
LgFlk (n23) 23 45% 11 18% 3 13% 10 43% 1 4% 8 35% Stable Stable 
Ret/Use (n13) 13 25% 5 38% 1 8% 4 31% 0 * 6 46% Stable Mod. 
Unidim (51) 
GeoMic (n3) 3 6% 3 100% 
65% 
0 * 
42% 
0 * 
34% 
0 * 
27% 
0 * 
48% 
Stable Stable 
Point/Blade (n0) 0 * 0 * 0 * 0 * 0 * 0 * Stable Stable 
Waste (n31) 31 61% 23 74% 7 23% 7 23% 5 16% 11 36% Mod. Stable 
Tools Misc (n8) 8 16% 5 63% 2 25% 2 25% 2 25% 4 50% Stable Stable 
SmFlk (n36) 36 71% 25 69% 8 22% 9 25% 4 11% 12 33% Stable Mod. 
LgFlk (n36) 36 71% 26 72% 8 22% 9 25% 4 11% 12 33% Stable Mod. 
Ret/Use (n3) 3 6% 2 67% 1 33% 1 33% 0 * 1 33% Stable Stable 
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Appendix C  Text MCA and DMCA Analyses BMNP Project 
The eigenvalues and plots in this appendix refer to the MCA found in the main text and are presented in order of 
appearance.  Data is derived from the BMNP data matrix. 
 
3.1  BMNP Eigenvalues  
 
3.1.1  BMNP General MCA 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\BMNP2.DAT 
 
Actual sum of CA eigenvalues: 2.69261 
 
Eigenvalues times 100 
                             36.823 21.243 12.085 11.588 
% 
                             13.676  7.890  4.488  4.304 
 
CUM % 
                             13.676 21.565 26.053 30.357 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   PtBdle5              -1.301  2.491  0.678  0.441 
   2:   PtBdg5               -1.350  3.616  3.038  4.077 
   3:   Axes                 -1.139  2.061  2.158  1.290 
   4:   Toolle5              -1.391  1.700  0.050 -1.186 
   5:   Toolg5               -1.346  4.102  3.089  3.531 
   6:   Cores                -1.519  1.970  0.745 -0.446 
   7:   Cortex               -1.437  1.050 -0.070 -0.951 
   8:   LgFkle5              -1.390  0.037 -1.160 -2.197 
   9:   LgFkg5               -1.337  3.131  2.387  2.097 
  10:   LgMdFks              -1.408  2.813  1.434  1.047 
  11:   SmFkle5              -1.287  0.013 -1.511 -1.921 
  12:   SmFkg5               -0.900  2.361  0.889  1.654 
  13:   SmMdFks              -1.275  2.884  1.349  1.600 
  14:   WsteFkg2             -1.121  0.993 -0.742 -0.507 
  15:   GeoMic               -0.731  2.437 -0.149  1.226 
  16:   Ret_Use              -1.334  2.638  1.273  1.270 
  17:   MSC_Fks              -1.299  0.626 -0.491 -0.899 
  18:   Q_Fks                -1.063  1.130 -0.675 -0.358 
  19:   B_FksCob             -0.250  1.931  0.269 -0.752 
  20:   Ochre                -1.661 -1.204 -0.198  4.836 
  21:   ComplxFk             -1.484  2.611  1.635  1.897 
  22:   ClsterFk             -1.392 -1.456 -2.129 -1.086 
  23:   SctterFk             -0.900  0.880 -1.198 -1.539 
  24:   IF                   -0.997  0.615  4.436  0.410 
  25:   StnArg                0.991  0.277 -3.336  5.653 
  26:   AGGle5                1.368 -0.946  2.150  0.817 
  27:   AGGl5g20              1.512 -0.811  1.806 -0.884 
  28:   AGGge20               1.919 -0.281  1.211 -1.378 
  29:   AGline                2.129  0.067 -0.042 -0.907 
  30:   AGclustr              1.324 -1.283  2.925 -0.556 
  31:   AGdple15              1.911 -0.286  0.084  0.244 
  32:   AGdpg15               1.278 -1.124  3.091 -0.749 
  33:   Egvle2                1.816 -0.761  0.673  1.183 
  34:   Egvg2                 1.952 -0.045 -0.660  0.974 
  35:   Egvm2m2m              2.046 -0.111 -1.248  1.014 
  36:   Stencils             -1.323 -2.233 -1.285  3.594 
  37:   Ptgle2               -1.600 -2.074 -0.785  1.715 
  38:   Ptgg2                -1.543 -3.114 -2.184  2.459 
  39:   Ptgm2m2m             -1.541 -3.143 -2.216  2.348 
  40:   Elv_600              -0.535 -0.639  0.353  0.776 
  41:   Elv6_8                0.195 -0.028  0.217 -2.164 
  42:   Elv_800               1.205  0.588 -1.068 -1.373 
  43:   HhReElv               0.857  0.462 -0.795  0.459 
  44:   H2O100               -0.840 -0.816  0.900 -0.158 
  45:   H2O1_5                0.978  0.361 -1.174  0.222 
  46:   Wells                 1.460 -0.298  1.359 -0.507 
  47:   Ort_NS               -0.189 -0.202  0.245  0.806 
  48:   Ort_EW                0.067 -0.378 -0.169 -0.430 
  49:   AcsOrt                0.091 -0.442  0.143  0.041 
  50:   RdHhPk                1.535  0.719 -1.793 -0.012 
  51:   RdElvTFt              1.159  0.479 -1.197  0.741 
  52:   ScndFt                0.887  0.479 -0.667  2.573 
  53:   CliffSpr              0.945  0.336 -0.737  0.413 
  54:   Slpl20               -0.100  0.001 -0.137 -0.395 
  55:   Slpg20               -0.081 -1.015  0.277  0.835 
  56:   NatDemAr              0.560  0.046 -0.065  0.760 
  57:   NatDemFt              0.813  0.104 -1.126  0.655 
  58:   SubMtAr              -0.908 -0.930  0.581 -0.245 
  59:   Shltr100             -1.152 -1.201 -0.601 -0.311 
  60:   Shltr1km              0.708  0.297  0.851  0.785 
  61:   RckShltr             -1.287 -1.634 -1.005  0.290 
  62:   Qry1km                0.087  1.258  0.631 -1.821 
  63:   RavRivAr             -1.147 -1.368  1.326 -0.754 
  64:   LwHth                 1.421  0.463 -0.351 -1.532 
  65:   GrsHth                0.459  0.776  0.211  0.058 
  66:   Woodlds              -0.449 -0.526 -0.032  0.224 
  67:   Swamp                -1.182 -0.257  1.636 -2.386 
  68:   O_RckFce              1.735 -0.247  0.938 -0.424 
  69:   HwkStne               1.164 -0.642  1.456 -0.283 
  70:   NrrbStne              0.187  0.025 -0.537 -0.732 
  71:   Vis1000               1.969  0.759 -1.145 -1.857 
  72:   Vis6_1k               1.910  0.731 -1.440 -0.476 
  73:   Vis600                2.199  0.427 -0.944 -1.171 
  74:   180_Vis               1.238  0.840 -0.753 -0.266 
  75:   AccSub               -0.185 -0.424  0.013  0.124 
  76:   NoAccSub              1.845  1.686 -0.285 -2.111 
  77:   Cmplx_St              0.020 -0.217 -0.061  0.259 
  78:   Size100m              0.259  1.092  1.023 -0.511 
  79:   PxMulti              -0.746 -0.807  0.633 -0.361 
  80:   PxTrTpUn              0.489  0.055 -0.610  0.073 
  81:   PxEgv                 0.967  0.179 -1.102  1.428 
  82:   PxPtg                -0.739 -1.581  0.228  1.005 
  83:   Px20AGG               0.800 -0.199  0.761 -0.222 
  84:   PxStnArg              0.489  0.105 -1.481  3.802 
 
CA object scores (Plot: site class and matrix #) 
 
   1:   1                    -0.489 -1.521 -1.361  1.298 
   2:   2                     1.090 -0.286  0.130  0.759 
   3:   3                     0.202 -0.073  2.393  0.466 
   4:   4                     1.645  0.067 -0.453 -0.763 
   5:   5                    -0.153 -1.042 -0.934  1.360 
   6:   6                    -1.003 -0.820 -0.254 -1.086 
   7:   7                    -0.225 -0.340  1.585 -0.622 
   8:   8                    -1.132  1.070  0.810 -0.327 
   9:   9                    -1.019  1.750  0.939  0.404 
  10:   10                    1.006 -0.060  0.656 -1.045 
  11:   11                    1.512  0.467  0.799 -1.310 
  12:   12                    0.934  0.888 -1.162 -0.948 
  13:   13                    1.089  0.061 -0.655 -0.663 
  14:   14                    0.155  1.063 -0.774 -0.270 
  15:   15                    1.122 -0.481 -0.198 -0.249 
  16:   16                    1.115 -0.344 -0.783  0.086 
  17:   17                   -0.037 -0.085 -0.434 -0.499 
  18:   18                   -0.006  0.281 -1.111 -0.744 
  19:   19                    0.333  0.146 -1.311 -0.476 
  20:   20                   -0.998  0.316 -0.852 -1.597 
  21:   21                   -0.936  0.260 -0.823 -1.544 
  22:   22                   -0.924  0.211 -0.887 -1.536 
  23:   23                    1.643 -0.112 -0.122 -0.421 
  24:   24                    1.541  0.214 -0.375 -0.690 
  25:   25                   -1.358  0.230 -0.180 -1.323 
  26:   26                   -0.816  0.396  0.328 -0.618 
  27:   27                   -1.140  0.835  1.445  2.093 
  28:   28                   -0.037 -1.181  1.511 -0.229 
  29:   29                    0.224 -0.362  0.144 -1.189 
  30:   30                   -0.971  1.729  1.200  1.223 
  31:   31                    0.339 -0.934  1.235 -0.615 
  32:   32                   -1.019 -0.177 -0.048 -1.404 
  33:   33                   -0.100 -1.415  1.705 -0.785 
  34:   34                    0.564 -0.685  1.034 -0.268 
  35:   35                   -0.217  0.533 -0.050 -1.763 
  36:   36                    1.379  0.200 -0.797 -0.370 
  37:   37                   -0.885  0.408 -0.600 -0.464 
  38:   38                   -0.735 -0.581 -1.049 -0.785 
  39:   39                    0.043 -1.261  2.492 -0.413 
  40:   40                    0.043 -1.261  2.492 -0.413 
  41:   41                    1.619  0.209 -0.651  0.291 
  42:   42                   -1.192 -0.236 -0.869 -0.785 
  43:   43                   -1.265 -0.398 -0.609 -1.406 
  44:   44                   -0.137  1.729  0.206  0.339 
  45:   45                    0.177  1.712  0.030 -0.147 
  46:   46                    1.419  0.249  0.052 -0.889 
  47:   47                    1.152 -0.097  0.322 -0.374 
  48:   48                   -0.794 -0.028 -0.962 -1.264 
  49:   49                   -0.587 -0.068  0.319  0.551 
  50:   50                    0.256 -1.234  1.333  0.381 
  51:   51                    0.230  0.478 -0.159 -0.790 
  52:   52                    0.458 -0.175 -0.690  1.511 
  53:   53                   -0.964 -0.456 -0.651 -0.852 
  54:   54                   -0.728  0.519 -0.104  0.388 
  55:   55                    0.468  0.784 -1.269  0.665 
  56:   56                   -0.971  0.439 -0.710 -0.457 
  57:   57                    1.226 -0.061 -0.430  0.848 
  58:   58                    0.102 -1.596  2.436 -0.493 
  59:   59                   -1.032 -0.899  0.280 -0.012 
  60:   60                   -1.116 -0.998 -0.200  0.130 
  61:   61                   -1.017  0.183  0.486  0.034 
  62:   62                    0.674 -0.787  1.226  0.307 
  63:   63                    1.484  0.212 -0.072 -0.631 
  64:   64                    0.775 -0.132 -1.069  1.811 
  65:   65                    1.237  0.154 -0.784 -1.470 
  66:   66                   -1.292 -1.525 -1.253 -0.175 
  67:   67                   -1.151 -0.413 -0.445 -1.300 
  68:   68                   -0.589 -1.739 -0.180  1.033 
  69:   69                   -1.036  0.319 -0.040 -1.361 
  70:   70                   -1.213 -0.871 -0.970 -0.582 
  71:   71                   -0.916 -1.896 -0.080  1.624 
  72:   72                   -0.815 -1.742  0.047  1.424 
  73:   73                   -0.686 -0.172 -0.375 -0.272 
  74:   74                   -0.149 -0.158 -2.007 -1.067 
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  75:   75                    0.251  0.547 -1.755 -0.604 
  76:   76                   -1.046  1.649  0.835  0.447 
  77:   77                   -0.644 -0.194  0.225 -0.176 
  78:   78                   -0.611  1.379 -0.678 -1.030 
  79:   79                   -0.330 -1.082 -0.625 -0.218 
  80:   80                   -0.227 -0.470 -1.556 -1.133 
  81:   81                    0.337 -0.843 -1.966  1.478 
  82:   82                    0.472 -0.706 -1.892  1.007 
  83:   83                    1.675  0.315 -0.802 -0.575 
  84:   84                    1.403 -0.107  0.634 -0.992 
  85:   85                   -1.264 -1.177 -1.222 -0.278 
  86:   86                   -0.082 -0.367 -0.495  0.666 
  87:   87                    1.368 -0.543  1.339 -0.024 
  88:   88                    1.472  0.381 -0.369 -0.322 
  89:   89                    0.374 -1.037  1.954 -0.884 
  90:   90                    1.470  0.247 -0.602 -0.021 
  91:   91                    1.505  0.146 -0.313 -0.256 
  92:   92                    0.443  0.941 -0.697 -0.720 
  93:   93                   -0.053  0.981 -0.293  0.311 
  94:   94                   -1.367  0.588  1.233 -0.127 
  95:   95                   -1.179 -1.184 -0.201 -1.455 
  96:   96                    0.351 -1.084  2.091 -0.910 
  97:   97                    1.535  0.207 -0.557 -0.218 
  98:   98                    1.615  0.500 -0.489 -0.705 
  99:   99                    1.122  0.273 -0.015 -0.609 
 100:   100                   1.341  0.554 -0.155 -0.831 
 101:   101                  -0.700 -1.769 -0.766  0.722 
 102:   102                  -0.953 -0.172  2.462  0.878 
 103:   103                  -0.993 -2.147 -0.740  0.899 
 104:   104                  -0.979 -2.064 -0.828  0.762 
 105:   105                   1.476  0.584 -0.700 -0.668 
 106:   106                   0.386 -0.018  0.396 -1.365 
 107:   107                   1.042  0.102 -1.238  2.011 
 108:   108                  -0.671  0.461  1.047 -0.790 
 109:   109                  -0.357  0.419  1.827 -0.063 
 110:   110                  -1.058  0.855  0.494  0.887 
 111:   111                   0.927 -0.238  0.594 -1.611 
 112:   112                  -0.984 -1.048 -1.309 -0.125 
 113:   113                  -1.050 -2.164 -1.018  2.964 
 114:   114                   1.136 -0.378 -0.695 -0.464 
 115:   115                  -0.044  0.503 -1.159  0.807 
 116:   116                   0.977 -0.290  0.690  0.119 
 117:   117                  -0.342 -0.233 -1.471  1.907 
 118:   118                   1.238  0.472 -0.962  0.544 
 119:   119                   0.489 -0.109 -1.709  1.601 
 120:   120                   0.838  0.950 -1.907 -0.379 
 121:   121                   0.969  0.514 -2.151 -0.211 
 122:   122                   0.900  0.752 -2.100  0.050 
 123:   123                   1.471  0.125 -0.526  0.064 
 124:   124                  -1.306 -0.410 -1.141 -0.687 
 125:   125                  -0.998 -0.237 -0.475 -0.312 
 126:   126                   1.512  0.178 -0.483  0.264 
 127:   127                  -0.017  0.996 -0.637  1.081 
 128:   128                  -0.831 -0.093  0.041 -1.014 
 129:   129                   0.154  1.037 -0.725  1.314 
 130:   130                   1.136 -0.255  0.682 -0.226 
 131:   131                   1.434  0.041 -0.287  0.131 
 132:   132                   0.672 -1.016  2.240 -0.454 
 133:   133                   1.558  0.264 -0.250 -1.111 
 134:   134                  -0.577  1.331  0.477  0.238 
 135:   135                   0.987 -0.360  0.969 -0.599 
 136:   136                  -0.712  1.514  0.602  0.259 
 137:   137                   0.989 -0.396  0.971 -0.764 
 138:   138                   0.766 -0.782  1.804 -0.638 
 139:   139                  -0.871  0.274  0.599  0.106 
 140:   140                  -0.928  0.388 -0.353 -1.487 
 141:   141                   1.851  0.440 -0.425 -1.198 
 142:   142                   1.526  0.403 -0.236 -1.330 
 143:   143                   1.601  0.582 -0.368 -1.528 
 144:   144                   1.601  0.582 -0.368 -1.528 
 145:   145                   1.601  0.582 -0.368 -1.528 
 146:   146                   1.628  0.629 -0.436 -1.586 
 147:   147                   0.413  1.267 -0.643 -1.456 
 148:   148                   1.554  0.403  0.085 -1.206 
 149:   149                   1.469  0.566  0.113 -1.251 
 150:   150                   1.694  0.503  0.535 -1.727 
 151:   151                   1.603  0.431 -0.052 -0.405 
 152:   152                   1.315 -0.108  0.134 -0.660 
 153:   153                   1.294 -0.153  0.275 -0.774 
 154:   154                   1.450  0.136  0.133 -0.792 
 155:   155                   1.425  0.059  0.410 -0.795 
 156:   156                   1.450  0.136  0.133 -0.792 
 157:   157                   1.444 -0.076  0.190 -1.037 
 158:   158                  -0.846 -0.739 -0.839 -0.919 
 159:   159                  -1.094  1.416  0.898  0.275 
 160:   160                  -0.509 -0.498 -0.525 -0.859 
 161:   161                   1.338 -0.152  0.153 -0.907 
 162:   162                   1.433 -0.095  0.066 -0.338 
 163:   163                   1.551 -0.012 -0.081 -0.890 
 164:   164                   1.456 -0.056 -0.024 -0.088 
 165:   165                   1.450  0.169  0.059 -0.514 
 166:   166                  -1.357  0.072  0.163 -2.121 
 167:   167                   1.283 -0.224  0.160 -0.165 
 168:   168                  -1.389  0.398  0.718 -1.348 
 169:   169                  -0.854  1.378  0.551 -0.091 
 170:   170                  -0.697 -0.620 -0.546 -1.232 
 171:   171                   0.316 -0.544  1.282 -0.492 
 172:   172                   1.131 -0.417  0.665 -1.073 
 173:   173                   1.258 -0.478  1.050 -0.223 
 174:   174                  -0.697  0.819 -0.180 -1.568 
 175:   175                  -1.097  1.212  1.877  0.830 
 176:   176                  -0.897  1.882  1.375  0.492 
 177:   177                  -1.133  0.747 -0.177 -0.888 
 178:   178                  -0.638  0.054 -0.310 -0.668 
 179:   179                  -0.892  2.441  1.327  1.072 
 180:   180                  -0.470  1.797  0.209  0.699 
 181:   181                  -0.356  2.322  0.387  0.478 
 182:   182                  -1.192  2.612  1.156  0.720 
 183:   183                  -0.762  0.067 -1.269 -0.351 
 184:   184                  -0.702 -0.264 -1.309  1.410 
 185:   185                   1.505  0.269 -0.094 -0.604 
 186:   186                   0.732  0.890 -1.197 -0.664 
 187:   187                   1.375 -0.067 -0.055 -0.018 
 188:   188                   0.947 -0.409  0.875 -0.084 
 189:   189                  -0.026  0.321 -1.831 -0.988 
 190:   190                   1.471  0.040 -0.275 -0.472 
 191:   191                   1.518 -0.059 -0.419 -0.428 
 192:   192                   1.501 -0.044  0.393 -1.231 
 193:   193                   1.621 -0.165  0.094 -0.355 
 194:   194                   1.703 -0.118  0.104 -0.467 
 195:   195                   1.609 -0.180  0.147 -0.092 
 196:   196                   1.000  0.057 -1.271  2.267 
 197:   197                   0.945 -0.584  1.019  1.310 
 198:   198                   0.924 -0.469  1.091  1.205 
 199:   199                   0.952 -0.610  1.011  1.365 
 200:   200                   0.936 -0.595  1.058  1.510 
 201:   201                   0.936 -0.595  1.058  1.510 
 202:   202                   0.893 -0.495  0.710  1.434 
 203:   203                   0.828 -0.487  0.569  1.560 
 204:   204                   0.877 -0.434  0.397  1.256 
 205:   205                   0.863 -0.420  0.235  1.905 
 206:   206                   1.190 -0.299  0.431  1.241 
 207:   207                   0.468  0.784 -1.269  0.665 
 208:   208                   0.866 -0.447  0.442  1.483 
 209:   209                   0.120 -0.756 -1.130  1.997 
 210:   210                  -0.191  0.824 -0.511  0.126 
 211:   211                  -0.191  0.824 -0.511  0.126 
 212:   212                  -1.168 -1.127 -0.563 -1.070 
 213:   213                   1.577 -0.064  0.458  0.365 
 214:   214                   0.016  0.670 -0.998  0.029 
 215:   215                   0.166  0.615 -0.717  1.263 
 216:   216                  -0.032  0.449 -0.722 -0.045 
 217:   217                  -0.134  0.346 -0.520  0.318 
 218:   218                  -1.301 -1.136 -0.511 -0.812 
 219:   219                  -1.357  0.072  0.163 -2.121 
 220:   220                  -1.174 -0.839 -0.579 -1.237 
 221:   221                  -0.023 -1.362  1.957 -0.783 
 222:   222                   0.840 -0.330  0.193  0.135 
 223:   223                  -0.801  1.557 -0.310 -0.643 
 224:   224                  -1.373  2.051  1.576  0.926 
 225:   225                  -0.845  0.077 -1.659 -0.610 
 226:   226                   0.427 -1.186  2.733 -0.349 
 227:   227                   0.161  0.569 -1.011 -0.397 
 228:   228                  -0.865  1.207  0.576 -0.823 
 229:   229                  -1.051  0.609  0.369 -1.924 
 230:   230                  -0.932  0.653  0.395 -1.592 
 231:   231                  -0.891  0.538  0.257 -1.857 
 232:   232                  -0.932  0.653  0.395 -1.592 
 233:   233                   0.524 -1.295  2.061 -0.061 
 234:   234                   1.116 -0.567  1.013  0.032 
 235:   235                  -0.754  0.816  0.123 -0.693 
 236:   236                  -0.807  0.354 -0.711 -1.740 
 237:   237                   0.445 -1.070  1.908 -0.220 
 238:   238                  -1.066  0.625  0.252 -1.248 
 239:   239                  -1.096  0.761  0.464 -1.070 
 240:   240                   0.404 -1.371  2.197 -0.324 
 241:   241                   0.240 -1.001  2.509 -0.732 
 242:   242                   0.833 -0.711  1.184  0.264 
 243:   243                   1.298 -0.203  0.550  0.529 
 244:   244                  -0.535  1.080 -0.066  0.616 
 245:   245                   1.084 -0.157 -0.873  2.038 
 246:   246                   1.464 -0.240  0.229  0.667 
 247:   247                   0.194 -1.663 -0.442  0.980 
 248:   248                   0.985 -0.613  0.849  0.759 
 249:   249                   1.167  0.025 -1.138  2.038 
 250:   250                   0.833 -1.010  1.604  0.045 
 251:   251                   1.552 -0.035  0.248 -0.040 
 252:   252                  -1.081 -0.800 -0.829 -0.841 
 253:   253                   0.445 -1.146  2.106 -0.178 
 254:   254                   0.224 -1.399  1.275  0.104 
 255:   255                  -1.090 -2.320 -0.796  1.392 
 256:   256                   0.183 -1.451  1.526  0.298 
 257:   257                  -0.422 -1.587 -0.486  1.618 
 258:   258                  -1.410 -2.658 -0.712  1.322 
 259:   259                  -1.286 -1.553 -0.851 -0.033 
 260:   260                  -1.120 -1.474 -0.110 -0.226 
 261:   261                  -1.120 -1.474 -0.110 -0.226 
 262:   262                  -1.485 -0.526 -0.334 -0.621 
 263:   263                  -0.955 -2.354 -0.447  1.476 
 264:   264                  -0.100  0.661 -0.738 -1.267 
 265:   265                  -0.553  1.863 -0.058 -0.287 
 266:   266                   0.246  1.006 -1.505 -1.053 
 267:   267                  -0.696 -0.729 -1.256 -0.525 
 268:   268                  -1.308 -0.686 -0.725 -1.674 
 269:   269                  -0.612 -0.682 -1.283 -0.484 
 270:   270                  -1.428 -0.972 -0.419 -1.462 
 271:   271                  -1.002  1.884  1.322  1.196 
 272:   272                  -1.238 -0.740 -0.538 -1.329 
 273:   273                  -1.211  0.904  0.090 -1.367 
 274:   274                   0.038  2.469  0.688  1.015 
 275:   275                  -0.928  0.808  0.417 -0.102 
 276:   276                  -1.354  0.547  0.349  0.157 
 277:   277                  -0.143 -1.277  1.960 -0.033 
 278:   278                  -0.820  1.020 -0.141  0.841 
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 279:   279                   1.062  0.058 -1.239  1.968 
 280:   280                   1.039  0.040 -1.158  1.878 
 281:   281                   0.363  0.786 -1.458  1.434 
 282:   282                   0.427  0.594 -1.498  1.346 
 283:   283                   1.119  0.006 -1.078  1.517 
 284:   284                   0.363  0.786 -1.458  1.434 
 285:   285                   1.038  0.031 -0.890  1.360 
 286:   286                   1.129  0.052 -0.917  1.331 
 287:   287                   0.948 -0.092 -0.359  0.667 
 288:   288                   0.943 -0.521 -0.064  1.075 
 289:   289                  -0.845  0.651 -0.240  0.573 
 290:   290                  -0.828  0.509 -0.164  0.403 
 291:   291                  -0.181 -0.034 -1.105  0.210 
 292:   292                   1.196 -0.373  0.628  0.083 
 293:   293                   1.368  0.134 -0.423  0.804 
 294:   294                   1.345  0.113 -0.376  0.731 
 295:   295                   1.311  0.060 -0.276  0.969 
 296:   296                  -1.169 -1.535 -1.092  0.361 
 297:   297                  -1.327 -1.848 -1.020  0.069 
 298:   298                  -1.156 -2.312 -0.331  1.123 
 299:   299                  -1.211 -1.043  0.070 -0.283 
 300:   300                  -1.309 -0.135 -0.153 -1.369 
 301:   301                  -1.224 -1.177 -0.271 -0.909 
 302:   302                   0.682  0.032 -1.521  2.089 
 303:   303                   0.682  0.032 -1.521  2.089 
 304:   304                  -0.288  1.221 -0.845 -0.253 
 305:   305                  -0.040  0.956 -0.720  0.630 
 306:   306                  -0.040  0.956 -0.720  0.630 
 307:   307                  -0.203  0.530  1.568  1.144 
 308:   308                   0.697  0.102 -1.478  2.545 
 309:   309                   0.508 -0.047 -1.134  2.439 
 310:   310                  -0.925  2.362  1.324  1.408 
 311:   311                  -0.925  2.362  1.324  1.408 
 312:   312                  -0.326  0.508 -0.931  0.118 
 313:   313                  -0.910  2.348  1.185  1.853 
 314:   314                  -0.998 -0.832 -0.311  2.499 
 315:   315                  -0.925  2.362  1.324  1.408 
 316:   316                  -0.881  2.250  1.299  1.411 
 317:   317                  -1.419 -0.883 -0.729 -1.237 
 318:   318                   0.473 -0.347 -1.085  2.956 
 319:   319                  -1.168  0.525  0.380  2.169 
 320:   320                   0.359 -1.159  2.264 -0.304 
 321:   321                  -0.752 -1.620 -0.226  0.879 
 322:   322                   0.440 -0.964  1.834  0.011 
 323:   323                  -0.787  1.348  0.196  0.295 
 324:   324                  -0.717 -1.864 -0.703  1.340 
 325:   325                   0.215 -1.127  2.045  0.425 
 326:   326                  -1.322 -0.175 -0.440  0.273 
 327:   327                  -0.181 -1.497  1.242  0.090 
 328:   328                  -1.050 -0.744 -0.717 -0.627 
 329:   329                  -0.420  1.051 -0.034 -0.252 
 330:   330                  -0.569  1.177 -0.966  0.771 
 331:   331                  -0.695 -0.119 -0.245 -0.928 
 332:   332                  -0.737  1.976  1.426  1.464 
 333:   333                  -1.067 -1.179 -0.791 -0.071 
 334:   334                   0.078  0.988 -0.523  1.300 
 335:   335                  -0.902 -2.254 -1.024  2.322 
 336:   336                  -1.456  0.475  0.177  2.345 
 337:   337                   0.363  0.786 -1.458  1.434 
 338:   338                  -1.045 -1.535 -0.200 -0.346 
 339:   339                  -0.786 -2.148 -0.146  0.904 
 340:   340                   1.082 -0.269 -0.006  1.076 
 341:   341                  -0.875 -1.261 -0.140 -0.488 
 342:   342                  -1.035 -1.423 -0.250 -0.540 
 343:   343                   0.427  0.594 -1.498  1.346 
 344:   344                   0.270 -1.355  2.093 -0.246 
 345:   345                   1.803  0.320 -0.487 -0.032 
 346:   346                   1.577  0.247 -0.157  0.121 
 347:   347                   0.734 -1.051  1.944 -0.260 
 348:   348                  -1.033  1.189  0.885  0.762 
 349:   349                  -1.430 -1.122 -0.814  0.602 
 350:   350                  -1.268 -2.609 -0.625  1.508 
 351:   351                  -0.455 -1.393 -0.493  1.240 
 352:   352                  -1.188 -0.818 -0.593 -0.671 
 353:   353                  -1.111 -0.836 -0.387 -0.376 
 354:   354                   0.016 -1.619  1.881 -0.479 
 355:   355                  -0.575 -1.845 -1.072  1.702 
 356:   356                  -0.936  0.409  1.419 -0.885 
 357:   357                   0.254 -1.415  2.570 -0.207 
 358:   358                   0.469 -1.227  2.459 -0.237 
 359:   359                   0.381 -1.010  1.950 -0.571 
 360:   360                  -1.063  1.404  0.413 -0.731 
 361:   361                  -1.169  1.217  0.542 -0.827 
 362:   362                  -0.824  0.252 -0.527 -0.241 
 363:   363                   0.306 -1.385  2.689  0.404 
 364:   364                   0.158 -1.540  2.464  0.263 
 365:   365                   0.384 -1.293  2.360 -0.041 
 366:   366                  -0.565  1.095 -0.283 -0.187 
 367:   367                  -1.070 -0.982 -0.748 -0.740 
 368:   368                  -0.231  1.017 -0.962 -0.009 
 369:   369                  -0.054  0.756 -1.255  0.211 
 370:   370                  -0.195  0.749 -1.213 -0.589 
 371:   371                  -0.716 -0.117 -0.506 -1.224 
 372:   372                  -1.031 -0.708 -0.764 -1.079 
 373:   373                  -0.716 -0.117 -0.506 -1.224 
 374:   374                  -1.031 -0.708 -0.764 -1.079 
 375:   375                   1.384 -0.143  0.392  0.278 
 376:   376                  -1.030 -2.424 -0.872  1.689 
 377:   377                  -1.030 -2.424 -0.872  1.689 
 378:   378                   0.434 -1.111  2.324 -0.349 
 379:   379                   0.179 -1.573  2.082 -0.393 
 380:   380                   0.200 -1.474  1.885  0.570 
 381:   381                  -1.337  2.113  1.983  1.491 
 382:   382                  -0.894 -1.924 -0.007  1.094 
 383:   383                  -0.721 -1.842 -0.395  1.081 
 384:   384                  -0.043 -0.993 -1.077  1.228 
 385:   385                   1.173 -0.294  1.122  0.506 
 386:   386                  -1.081 -0.212 -0.179 -1.408 
 387:   387                  -1.264 -1.372 -0.515  0.055 
 388:   388                  -1.458 -0.355  0.052 -0.382 
 389:   389                  -0.757  0.384 -0.821 -1.004 
 390:   390                  -0.534 -1.277  2.599 -0.747 
 391:   391                  -1.543  0.732  0.580 -0.224 
 392:   392                  -1.519  0.935  0.522  0.012 
 393:   393                  -1.184 -0.552 -0.383 -0.362 
 394:   394                  -1.123 -1.840  0.221  0.166 
 395:   395                  -1.098  1.394  0.852  0.141 
 396:   396                  -0.608  0.895 -0.972 -0.901 
 397:   397                  -1.087 -0.002 -0.042 -0.987 
 398:   398                  -1.105 -0.589 -0.394 -0.734 
 399:   399                  -0.995 -0.806 -0.314 -0.439 
 400:   400                  -1.236 -1.821 -0.912  0.762 
 401:   401                  -1.065 -0.280 -0.607 -0.831 
 402:   402                  -0.516  0.431 -0.788 -0.326 
 403:   403                  -1.285 -0.874 -0.184 -0.876 
 404:   404                  -1.285 -0.874 -0.184 -0.876 
 405:   405                   0.233 -1.517  1.713  0.057 
 406:   406                  -1.175  1.460  1.476  0.414 
 407:   407                  -0.160 -0.073 -1.146 -0.053 
 408:   408                  -0.984 -1.728 -1.471  0.337 
 409:   409                  -0.113  0.401 -1.058 -0.399 
 410:   410                  -0.795 -1.924 -0.911  1.044 
 411:   411                   0.046 -1.352  1.882 -0.299 
 412:   412                  -1.232 -2.045 -0.538 -0.013 
 413:   413                  -1.104 -0.522  0.255 -1.113 
 414:   414                  -1.032 -0.966  0.024 -0.744 
 415:   415                   0.197 -1.257  1.915 -0.296 
 416:   416                  -1.286 -0.386 -0.791 -1.505 
 417:   417                  -0.679 -1.166 -1.310  0.806 
 418:   418                   1.038 -0.507  1.062  0.449 
 
 
Appendix C  Text MCA and DMCA Analyses BMNP Project 364 
Table 26:  BMNP matrix MCA variables codes. 
n. Variable MCA Code n. Variable MCA Code n. Variable MCA Code n. Variable MCA Code 
1 Points/ Blades 
<=5 
  PtBdle5 22 Cluster (tools, 
flakes) 
  ClsterFk 43 High relative 
elevation 
  HhReElv 64 Low heath   LwHth 
2 Points/ Blades 
>5 
  PtBdg5 23 Scatter (tools, 
flakes) 
  SctterFk 44 Water <100m   H2O100 65 Grass/ Heath 
clearing 
  GrsHth 
3 Axes   Axes 24 Isolated find   IF 45 Water >100m 
<500m 
  H2O1_5 66 Woodlands   Woodlds 
4 Tools misc. 
<=5 
  Toolle5 25 Stone 
arrangement 
  StnArg 46 Wells >2 
=<10m 
  Wells 67 Swamp   Swamp 
5 Tools misc. >5   Toolg5 26 AGG <=5   AGGle5 47 Orientation N-
S 
  Ort_NS 68 Open rock face   O_RckFce 
6 Cores   Cores 27 AGG >5 <20   AGGl5g20 48 Orientation E-
W 
  Ort_EW 69 Hawkesbury 
Sandstone 
  HwkStne 
7 Cortex   Cortex 28 AGG >=20   AGGge20 49 Access 
orientation 
  Across 70 Narrabeen 
Sandstone 
  NrrbStne 
8 Large flakes 
<=5 (>20mm in 
length) 
  LgFkle5 29 AGG linear 
complex 
  Agline 50 Related to 
higher peak 
  RdHhPk 71 Visible from 
>1000m 
  Vis1000 
9 Large flakes 
>5 
  LgFkg5 30 AGG clustered 
complex 
  Agclustr 51 Related 
elevated 
topographic 
feature 
  RdElvTFt 72 Visible from 
sites elv. 
>600m 
  Vis6_1k 
10 Large modified 
flakes 
  LgMdFks 31 AGG depth 
<=15mm 
  Agdple15 52 Secondary 
feature 
  ScndFt 73 Visible from 
sites elv. 
<600m 
  Vis600 
11 Small flakes 
<=5 
(<20>10mm in 
length) 
  SmFkle5 32 AGG depth 
>15mm 
  AGdpg15 53 Spur or Cliff 
<25m 
  CliffSpr 74 180 degree 
visibility 
  180_Vis 
12 Small flakes 
>5 
  SmFkg5 33 Engravings 
<=2 
  Egvle2 54 Slope <20 
degrees 
  Slpl20 75 Access to 
subsistence 
<1hr 
  AccSub 
13 Small modified 
flakes 
  SmMdFks 34 Engravings >2   Egvg2 55 Slope >20 
degrees 
  Slpg20 76 Access to 
subsistence>1
hr 
  NoAccSub 
14 Waste flakes 
>2 
  WsteFkg2 35 Engravings 
>2& <=2 motifs 
  Egvm2m2m 56 Naturally 
demarcated 
area 
  NatDemAr 77 Complex of 
sites 
  Cmplx_St 
15 Geometric 
microliths 
  GeoMic 36 Hand stencils   Stencils 57 Natural 
demarcated 
feature 
  NatDemFt 78 Site size 
>100sqm 
  Size100m 
16 Retouch/ 
Usewear 
  Ret_Use 37 Paintings/ 
Drawings <=2 
  Ptgle2 58 Subsistence 
material area 
  SubMtAr 79 Proximity of 
multi-
dimensional 
site 
  PxMulti 
17 Mudstone/ 
Chert/ Silcrete 
flakes 
  MSC_Fks 38 Paintings/ 
Drawings >2 
  Ptgg2 59 Shelter <100m   Shltr100 80 Proximity of 
uni-
dimensional or 
transit site 
  PxTrTpUn 
18 Quartz flakes   Q_Fks 39 Paintings/ 
Drawings >2& 
>=2 motifs 
  Ptgm2m2m 60 Shelter >100m 
<1000m 
  Shltr1km 81 Proximity of 
engravings 
  PxEgv 
19 Basalt flakes/ 
cobbles 
  B_FksCob 40 Elevation 
<600m 
  Elv_600 61 Rock shelter   RckShltr 82 Proximity to 
paintings 
  PxPtg 
20 Ochre nodules   Ochre 41 Elevation 
>600m <800m 
  Elv6_8 62 Quarry 
<1000m 
  Qry1km 83 Proximity of 
>20 AGG 
  Px20AGG 
21 Complex   ComplxFk 42 Elevation 
>800m 
  Elv_800 63 Ravine or river 
flats 
  RavRivAr 84 Proximity to 
stone 
arrangement 
  PxStnArg 
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Table 27:  NPWS site id (and interim id) with BMNP matrix (and SAS) code number. 
Site Code for SAS 5-0097 313 5-0861 366 
4-0001 1 4-0043 53 4-0101 105 4-0173 157 4-0244 209 5-0029 261 5-0098 314 5-0893 367 
4-0002 2 4-0043a 54 4-0113 106 4-0173a 158 4-0244a 210 5-0032 262 5-0099 315 5-0896 368 
4-0003 3 4-0043b 55 4-0118 107 4-0173b 159 4-0244b 211 5-0033 263 5-0099a 316 5-0896a 369 
4-0004 4 4-0043c 56 4-0129 108 4-0173c 160 4-0244c 212 5-0034 264 5-0100 317 5-0897 370 
4-0005 5 4-0043d 57 4-0130 109 4-0174 161 4-0244d 213 5-0035 265 5-0102 318 5-0898 371 
4-0008 6 4-0043e 58 4-0132 110 4-0175 162 4-0244e 214 5-0036 266 5-0103 319 5-0900 372 
4-0010 7 4-0043f 59 4-0133 111 4-0177 163 4-0244f 215 5-0037 267 5-0103a 320 5-0901 373 
4-0011 8 4-0043g 60 4-0134 112 4-0179 164 4-0244g 216 5-0038 268 5-0105 321 5-0902 374 
4-0012 9 4-0043h 61 4-0135 113 4-0180 165 4-0244h 217 5-0039 269 5-0106 322 5-0915 375 
4-0013 10 4-0045 62 4-0136 114 4-0182 166 4-0899 218 5-0041 270 5-0107 323 5-0917 376 
4-0014 11 4-0046 63 4-0137 115 4-0182a 167 4-0902 219 5-0042 271 5-0108 324 5-0918 377 
4-0015 12 4-0047 64 4-0137a 116 4-0182b 168 4-0903 220 5-0044 272 5-0108a 325 5-0968 378 
4-0016rid 13 4-0053 65 4-0138 117 4-0182c 169 4-0903np 221 5-0045 273 5-0109 326 5-0974 379 
4-0016surf 14 4-0054 66 4-0141 118 4-0182d 170 4-0910 222 5-0046 274 5-0109np 327 5-2042 380 
4-0017x 15 4-0056 67 4-0141a 119 4-0182e 171 4-0911 223 5-0047 275 5-0110 328 5-2043 381 
4-0017a 16 4-0057 68 4-0141b 120 4-0183 172 4-0912 224 5-0066 276 5-0110a 329 5-2049 382 
4-0017b 17 4-0059 69 4-0141c 121 4-0184 173 4-0913 225 5-0066np 277 5-0111 330 5-2052 383 
4-0017c 18 4-0060 70 4-0141d 122 4-0185 174 4-0917 226 5-0071 278 5-0112 331 5-2271 384 
4-0018 19 4-0061 71 4-0141e 123 4-0186 175 4-0918 227 5-0072 279 5-0113 332 5-2273 385 
4-0019 20 4-0062 72 4-0141f 124 4-0187 176 4-0920 228 5-0073 280 5-0114 333 5-2323 386 
4-0020 21 4-0063a 73 4-0141g 125 4-0188 177 4-0924 229 5-0073a 281 5-0126 334 5-2324 387 
4-0021 22 4-0068 74 4-0141h 126 4-0189 178 4-0925 230 5-0073b 282 5-0131 335 5-2325 388 
4-0022 23 4-0072 75 4-0141i 127 4-0190 179 4-0930 231 5-0073c 283 5-0205 336 5-2326 389 
4-0023 24 4-0073 76 4-0141j 128 4-0191 180 4-0931 232 5-0073d 284 5-0205a 337 5-2327 390 
4-0024 25 4-0074 77 4-0141k 129 4-0192 181 4-0932 233 5-0074 285 5-0205b 338 5-2328 391 
4-0025 26 4-0075 78 4-0142 130 4-0193 182 4-0933 234 5-0074a 286 5-0205c 339 5-2329 392 
4-0026 27 4-0076 79 4-0143 131 4-0197 183 4-0934 235 5-0075 287 5-0205d 340 5-2330 393 
4-0026np 28 4-0077 80 4-0144 132 4-0199 184 4-0938 236 5-0077 288 5-0205e 341 5-2331 394 
4-0027 29 4-0078 81 4-0146 133 4-0200 185 4-0940 237 5-0078 289 5-0205f 342 5-2332 395 
4-0028 30 4-0079 82 4-0147 134 4-0200a 186 4-0941 238 5-0079 290 5-0205g 343 5-2333 396 
4-0028np 31 4-0081 83 4-0147a 135 4-0200b 187 4-0941a 239 5-0079a 291 5-0233 344 5-2334 397 
4-0029 32 4-0082 84 4-0148 136 4-0200c 188 4-0950 240 5-0079b 292 5-0250 345 5-2335 398 
4-0029np 33 4-0083 85 4-0148a 137 4-0200d 189 4-0951 241 5-0080 293 5-0250a 346 5-2336 399 
4-0030 34 4-0084 86 4-0148b 138 4-0201 190 4-0952 242 5-0081 294 5-0260 347 5-2337 400 
4-0031 35 4-0085 87 4-0149 139 4-0203 191 5-0005 243 5-0082 295 5-0276 348 5-2338 401 
4-0032 36 4-0086 88 4-0149a 140 4-0204 192 5-0006 244 5-0083 296 5-0295 349 5-2339 402 
4-0033 37 4-0086a 89 4-0149b 141 4-0215 193 5-0008 245 5-0084 297 5-0296 350 5-2340 403 
4-0034 38 4-0086b 90 4-0150 142 4-0216 194 5-0009 246 5-0084a 298 5-0338 351 5-2341 404 
4-0034c 39 4-0086c 91 4-0151 143 4-0218 195 5-0010 247 5-0084b 299 5-0339 352 5-2342 405 
4-0034d 40 4-0086d 92 4-0152 144 4-0223 196 5-0011 248 5-0084c 300 5-0434 353 5-2368 406 
4-0035 41 4-0086e 93 4-0153 145 4-0226 197 5-0012 249 5-0084e 301 5-0434np 354 5-2370 407 
4-0036 42 4-0086f 94 4-0154 146 4-0227 198 5-0013 250 5-0087 302 5-0449 355 5-2420 408 
4-0037 43 4-0086g 95 4-0155x 147 4-0228 199 5-0015 251 5-0088 303 5-0607 356 5-2421 409 
4-0038 44 4-0086h 96 4-0155a 148 4-0229 200 5-0016 252 5-0089 304 5-0632 357 5-2422 410 
4-0038np 45 4-0087 97 4-0155b 149 4-0231 201 5-0020 253 5-0089a 305 5-0633 358 5-2441 411 
4-0038npx 46 4-0088 98 4-0155c 150 4-0232 202 5-0022 254 5-0089b 306 5-0735 359 5-2442 412 
4-0039rid 47 4-0090 99 4-0155d 151 4-0233 203 5-0022np 255 5-0090 307 5-0736 360 5-2445 413 
4-0039surf 48 4-0091 100 4-0167 152 4-0234 204 5-0024 256 5-0091 308 5-0737 361 5-2446 414 
4-0040 49 4-0094 101 4-0168 153 4-0235 205 5-0024np 257 5-0092 309 5-0807 362 5-2452 415 
4-0040np 50 4-0095 102 4-0169 154 4-0238 206 5-0026 258 5-0093 310 5-0838 363 5-2454 416 
4-0041 51 4-0096 103 4-0170 155 4-0238a 207 5-0027 259 5-0094 311 5-0859 364 5-2485 417 
4-0042 52 4-0097 104 4-0171 156 4-0243 208 5-0028 260 5-0095 312 5-0860 365 5-2486 418 
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3.1.2  Random Half Analysis (Half of the Objects and Half of the Variables) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\BMTV.DAT 
 
Actual sum of CA eigenvalues: 2.76557 
 
Eigenvalues times 100 
                             38.531 25.658 15.485 14.482 
% 
                             13.932  9.278  5.599  5.237 
 
CUM % 
                             13.932 23.210 28.809 34.046 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   PtBdle5              -0.994  2.206  0.802  0.403 
   2:   Axes                 -0.667  2.168 -0.474  1.274 
   3:   Toolg5               -1.035  5.153  2.679  2.646 
   4:   Cortex               -1.316  0.946  0.254 -0.921 
   5:   LgFkg5               -1.199  3.945  2.142  2.165 
   6:   SmFkle5              -1.159 -0.085 -0.973 -2.032 
   7:   SmMdFks              -0.988  3.057  0.862  1.456 
   8:   GeoMic               -0.683  2.663  0.541  0.594 
   9:   MSC_Fks              -1.163  0.510 -0.296 -0.950 
  10:   B_FksCob             -0.090  1.698  0.139 -0.860 
  11:   ComplxFk             -1.302  2.594  1.732  2.093 
  12:   SctterFk             -0.812  0.547 -1.306 -2.449 
  13:   StnArg                1.365  0.529 -8.009  4.573 
  14:   AGGl5g20              1.705 -1.158  2.305  1.317 
  15:   AGline                2.153 -0.252  1.622 -0.328 
  16:   AGdple15              2.045 -0.436  1.225 -0.214 
  17:   Egvle2                2.313 -1.004  2.623 -2.105 
  18:   Egvm2m2m              1.344 -1.289  3.468  4.889 
  19:   Ptgle2               -1.833 -1.465  0.078  1.290 
  20:   Ptgm2m2m             -1.775 -2.495  0.276  1.765 
  21:   Elv6_8                0.707 -0.433  0.113 -1.793 
  22:   HhReElv               1.048  0.481 -0.386 -0.261 
  23:   H2O1_5                1.152  0.402 -0.476 -0.236 
  24:   Ort_NS               -0.162  0.070 -0.201  0.399 
  25:   AcsOrt                0.104 -0.491 -0.281  0.316 
  26:   RdElvTFt              1.201  0.364 -0.327 -0.115 
  27:   CliffSpr              1.088  0.214 -0.474 -0.312 
  28:   Slpg20               -0.027 -0.806  0.181  0.979 
  29:   NatDemFt              0.640 -0.066 -0.331  0.374 
  30:   Shltr100             -1.221 -1.047  0.237  0.085 
  31:   RckShltr             -1.304 -1.268  0.238  0.608 
  32:   RavRivAr             -1.274 -1.264  0.631  0.191 
  33:   GrsHth                0.435  0.659 -0.030 -0.513 
  34:   Swamp                -1.435 -0.431  0.865 -1.392 
  35:   HwkStne               1.110 -0.631  1.348  0.316 
  36:   Vis1000               1.800  0.382  0.902 -1.263 
  37:   Vis600                2.166  0.206  1.635 -1.866 
  38:   AccSub               -0.151 -0.394 -0.079  0.120 
  39:   Cmplx_St              0.023 -0.217 -0.012  0.106 
  40:   PxTrTpUn              0.549 -0.062 -0.416 -0.317 
  41:   PxPtg                -0.694 -1.122  0.153  1.227 
  42:   PxStnArg              0.668  0.526 -4.020  2.823 
 
CA object scores ((plot: site class: A=AGG; E= Engraving; M= 
Multidim(shelter); P= Painting(shelter); U= Unidim(open); T= 
Transit(open)) 
 
   1:   A                     1.298 -0.402  0.513  0.436 
   2:   A                     1.905  0.010  0.966 -0.958 
   3:   M                    -1.310 -0.676 -0.330 -1.510 
   4:   U                    -1.018  0.773  0.239 -0.577 
   5:   A                     0.996 -0.360  0.921  0.049 
   6:   A                     0.938  0.441  0.614 -0.855 
   7:   E                     0.132  0.729  0.475 -0.365 
   8:   A                     1.066 -0.493  0.588 -0.122 
   9:   T                     0.181  0.026 -1.167 -0.949 
  10:   M                    -0.535  0.056 -0.708 -1.915 
  11:   M                    -0.378 -0.124 -0.843 -1.866 
  12:   A                     1.720 -0.240  0.790  0.009 
  13:   U                    -1.208  0.978 -0.054 -1.054 
  14:   A                     0.047 -1.021  0.902  0.879 
  15:   M                    -0.795  2.657  0.911  1.647 
  16:   M                    -1.301 -0.186  0.363 -1.294 
  17:   E                     1.187 -0.757  1.209 -1.241 
  18:   E                     1.566  0.055  0.422 -1.344 
  19:   M                    -0.585 -0.565 -0.557 -0.679 
  20:   A                    -0.439 -1.127  1.049 -0.150 
  21:   M                    -1.050 -0.135 -1.634 -0.528 
  22:   M                    -0.416  1.648  0.565  0.772 
  23:   A                     1.162 -0.021  0.310 -0.290 
  24:   M                    -0.625 -0.293 -0.634 -1.650 
  25:   A                    -0.186 -0.850 -0.879  1.567 
  26:   U                     0.981 -0.044 -4.116  2.142 
  27:   T                    -0.600  0.675 -0.334 -0.243 
  28:   M                    -0.929  0.966 -0.146 -0.610 
  29:   A                    -0.460 -1.511  0.946  0.540 
  30:   P                    -1.372 -1.389  0.165  0.578 
  31:   E                     0.283 -0.889  0.494  1.119 
  32:   U                     0.811 -0.013 -3.197  2.007 
  33:   P                    -1.322 -1.313 -0.470 -0.089 
  34:   P                    -0.606 -1.525  0.458  1.198 
  35:   P                    -1.122 -0.946 -0.092 -0.395 
  36:   M                    -0.490 -1.458  0.584  1.041 
  37:   M                     0.191 -0.372 -0.307 -0.982 
  38:   M                    -0.919  1.827  0.718  0.591 
  39:   M                    -0.394  0.724 -0.780 -1.432 
  40:   M                     0.428 -0.543 -0.458 -0.629 
  41:   P                     0.187 -0.775 -0.052  0.652 
  42:   A                     1.313 -0.056  0.145 -1.063 
  43:   M                     0.015 -0.607 -0.028 -0.295 
  44:   A                     1.307  0.286  0.641 -0.729 
  45:   A                     1.367 -0.052  0.466 -0.318 
  46:   U                     0.744  0.061 -0.582 -0.677 
  47:   U                    -1.118  0.069  1.748  0.823 
  48:   A                     0.513 -1.292  1.462  0.213 
  49:   A                     1.809 -0.097  1.083 -0.367 
  50:   A                     1.239  0.539  0.659 -0.925 
  51:   T                    -0.587 -0.235 -0.092  1.436 
  52:   P                    -1.163 -1.943  0.162  1.313 
  53:   A                     0.271 -0.239 -0.169 -1.333 
  54:   U                    -0.498  0.084 -0.028 -1.205 
  55:   T                    -0.308  0.375 -1.246  0.557 
  56:   P                    -1.165 -0.758 -0.204 -0.254 
  57:   E                     0.738 -1.001  1.536  2.038 
  58:   A                     1.018 -0.589  0.672 -0.181 
  59:   E                     1.079  0.397  0.339  1.241 
  60:   T                     0.620  0.760 -1.449 -0.813 
  61:   T                     1.006  0.910 -1.209  0.424 
  62:   P                    -1.193 -0.978 -0.109 -0.232 
  63:   A                     1.252  0.040  0.086 -0.300 
  64:   U                    -1.063 -0.365 -0.296 -0.776 
  65:   A                     1.461 -0.174  0.739 -0.821 
  66:   A                    -0.061 -0.978  0.631  0.187 
  67:   M                    -0.521  1.492  0.855  0.564 
  68:   M                    -0.587  1.268  0.937  0.698 
  69:   A                     0.393 -0.565  0.154  0.411 
  70:   M                    -1.073 -0.218 -0.183 -0.640 
  71:   A                     1.341  0.246  0.330 -0.621 
  72:   A                     1.590  0.121  0.836 -0.359 
  73:   A                     1.485  0.339  0.379 -0.707 
  74:   A                     1.945 -0.256  1.121 -0.012 
  75:   A                     1.616  0.470  0.488 -0.861 
  76:   A                     1.456 -0.158  0.589 -0.456 
  77:   A                     1.456 -0.158  0.589 -0.456 
  78:   A                     1.456 -0.158  0.589 -0.456 
  79:   P                    -1.100 -0.786 -0.108 -0.577 
  80:   M                    -0.336 -0.588  0.185 -0.461 
  81:   A                     1.422 -0.311  0.930 -0.096 
  82:   A                     1.172 -0.116  0.303 -0.292 
  83:   U                    -1.448 -0.123 -0.198 -2.296 
  84:   U                    -1.495  0.390  1.053 -0.425 
  85:   M                    -0.538 -0.822  0.279 -0.563 
  86:   A                     1.361 -0.411  1.261 -0.314 
  87:   U                    -0.602  0.168 -0.732 -1.794 
  88:   M                    -0.659  1.701  0.201  0.030 
  89:   T                    -0.082  0.032 -1.038 -1.310 
  90:   M                    -0.327  1.937  0.462  0.482 
  91:   U                    -1.014  3.124  1.009  0.651 
  92:   P                    -0.296 -0.335 -1.021  0.680 
  93:   U                     0.846  0.483 -0.173 -1.278 
  94:   A                     0.841 -0.640  0.454  0.026 
  95:   A                     1.430 -0.285  0.551 -0.145 
  96:   A                     2.044 -0.332  2.194 -0.273 
  97:   A                     1.906 -0.052  1.036 -0.734 
  98:   U                     1.076  0.192 -3.981  2.032 
  99:   A                     0.794 -0.361 -0.405  1.142 
 100:   A                     0.644 -0.214 -0.888  0.963 
 101:   A                     0.794 -0.361 -0.405  1.142 
 102:   A                     0.952 -0.496  0.547  0.572 
 103:   E                     1.179 -0.163  0.262 -0.056 
 104:   A                     0.815 -0.360  0.136  0.350 
 105:   T                    -0.318  1.270 -0.457 -0.760 
 106:   M                    -1.418 -1.138 -0.188 -0.625 
 107:   T                     0.219  0.921 -1.085 -1.567 
 108:   T                     0.048  0.339 -1.054 -1.577 
 109:   M                    -1.189 -1.094  0.092  0.287 
 110:   M                    -1.356 -1.029  0.092 -0.861 
 111:   A                     1.025 -0.431  0.195 -0.147 
 112:   M                    -1.384  2.870  1.575  1.606 
 113:   A                     0.885 -1.374  1.768  1.601 
 114:   M                    -0.836  0.762  0.338 -0.438 
 115:   U                    -0.606 -0.105 -0.131 -1.568 
 116:   U                    -0.606 -0.105 -0.131 -1.568 
 117:   A                     1.188 -0.597  0.819  0.635 
 118:   U                    -0.605  0.538 -0.983 -2.198 
 119:   U                    -1.057  0.049 -0.436 -1.433 
 120:   A                     0.859 -1.248  1.714  1.077 
 121:   A                     0.730 -0.487  0.048  0.128 
 122:   T                     0.226  1.393 -0.210  0.172 
 123:   E                     1.837 -0.194  1.076 -1.167 
 124:   E                     0.858 -0.476 -0.038  0.314 
 125:   E                     0.688 -1.357  2.212  2.276 
 126:   M                    -0.728 -0.837 -0.219 -0.014 
 127:   A                     0.364 -1.092  1.290  0.292 
 128:   A                    -0.126 -1.083  0.474  0.535 
 129:   P                    -1.583 -2.103  0.469  1.387 
 130:   M                    -1.044 -1.225  0.155  0.815 
 131:   M                    -1.352 -0.898  0.251  0.430 
 132:   U                    -0.035  0.554 -0.541 -1.713 
 133:   U                     0.299  0.769 -0.630 -1.878 
 134:   M                    -1.404 -0.464 -0.484 -1.655 
 135:   M                    -1.627 -0.697 -0.323 -1.204 
 136:   M                    -1.404 -0.464 -0.484 -1.655 
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 137:   M                    -0.039  2.811  1.099  0.657 
 138:   P                    -1.107  0.348  0.275  0.185 
 139:   M                    -0.472  1.078 -0.529  0.643 
 140:   U                     1.372 -0.006 -1.595  1.408 
 141:   T                     0.871  0.355 -1.990 -0.071 
 142:   T                     0.692  0.799 -1.683  0.078 
 143:   E                     1.317  0.139 -0.842  0.387 
 144:   E                     1.285 -0.577  0.820 -0.008 
 145:   M                    -0.628  0.447  0.132  0.219 
 146:   A                     1.432 -0.085  0.051 -0.118 
 147:   E                     1.339 -0.155  0.236 -0.031 
 148:   P                    -1.360 -1.643  0.228  0.733 
 149:   P                    -1.154 -1.805  0.271  1.406 
 150:   U                    -1.266 -0.084 -0.318 -1.443 
 151:   U                     1.053  0.175 -3.643  1.920 
 152:   T                    -0.132  0.867 -0.738 -1.442 
 153:   T                     0.270  0.951 -0.441 -0.461 
 154:   T                     0.284  0.789 -0.454  0.334 
 155:   U                     0.934  0.170 -3.358  1.841 
 156:   U                     0.924  0.202 -3.610  1.927 
 157:   M                    -0.983  3.299  1.616  1.400 
 158:   T                    -0.137  0.331 -1.138 -1.659 
 159:   P                    -0.856 -0.515 -0.407  2.094 
 160:   M                    -0.927  3.202  1.578  1.432 
 161:   U                     0.888  0.141 -3.905  2.543 
 162:   A                     0.600 -1.363  1.807  1.070 
 163:   A                    -0.048 -1.012 -0.819  1.913 
 164:   P                    -0.916 -1.801  0.119  1.275 
 165:   P                    -1.094  0.052  0.059  0.635 
 166:   M                    -0.884 -0.683 -0.211 -0.160 
 167:   T                     0.071  0.910 -3.177  0.648 
 168:   M                    -0.539  2.362  0.876  1.193 
 169:   M                     0.368  0.956 -0.970  0.995 
 170:   P                    -1.381  0.910  0.449  1.932 
 171:   T                    -1.020 -1.338  0.217  0.783 
 172:   A                     1.476 -0.081 -0.481  0.415 
 173:   M                    -1.008 -1.227  0.197  0.476 
 174:   A                     0.242 -1.348  1.079  1.241 
 175:   A                     1.678  0.163  0.405 -0.726 
 176:   M                    -0.668  1.089  0.870  1.044 
 177:   P                    -1.452 -2.278  0.428  1.617 
 178:   P                    -1.066 -0.673 -0.076 -0.192 
 179:   A                    -0.565 -1.717  1.015  1.302 
 180:   T                     0.148 -0.927  0.123 -1.182 
 181:   A                     0.110 -1.122  0.614  0.329 
 182:   M                    -0.668  1.277 -0.550 -0.883 
 183:   M                    -0.494 -0.298 -0.578 -0.583 
 184:   M                    -0.253 -1.548  0.829  1.379 
 185:   M                    -0.142  0.688 -0.610 -0.858 
 186:   T                     0.074  0.805 -1.770 -0.561 
 187:   T                     0.109  0.179 -1.194 -1.583 
 188:   M                    -0.841 -0.598 -0.111 -0.371 
 189:   M                    -0.841 -0.598 -0.111 -0.371 
 190:   P                    -0.875 -1.608  0.242  1.378 
 191:   A                     0.036 -0.935  0.373  0.691 
 192:   A                    -0.108 -1.137  0.302  1.108 
 193:   M                    -0.693 -1.419  0.326  1.050 
 194:   M                     0.162 -0.560 -0.385  0.355 
 195:   U                    -1.266 -0.084 -0.318 -1.443 
 196:   P                    -1.436 -0.540  0.379  0.647 
 197:   A                    -0.987 -0.911  0.426 -0.508 
 198:   M                    -1.518  1.397  1.134  0.904 
 199:   P                    -1.548 -1.859  0.465  1.050 
 200:   U                    -0.202  0.462 -0.949 -1.470 
 201:   M                    -0.957 -0.938 -0.406 -0.462 
 202:   P                    -1.242 -1.246  0.025  0.294 
 203:   U                    -0.308  0.420 -0.119 -0.308 
 204:   M                    -1.150 -1.112  0.122 -0.328 
 205:   M                    -1.499  2.055  1.607  1.114 
 206:   P                    -1.102 -1.349 -0.132  0.281 
 207:   P                    -0.907 -1.680  0.174  0.961 
 208:   P                    -1.465 -1.688  0.254 -0.068 
 209:   M                    -0.752 -0.902  0.305 -0.277 
 210:   U                    -1.498 -0.498 -0.370 -1.531 
 211:   A                     1.167 -0.481  0.916  0.352 
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3.1.3  MCA Non Qualitative Random Half (Half of the Objects and Non Qualitative Variables) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\NS.DAT 
 
Actual sum of CA eigenvalues: 2.62105 
 
Eigenvalues times 100 
                             36.671 23.148 12.748 11.670 
% 
                             13.991  8.832  4.864  4.452 
 
CUM % 
                             13.991 22.822 27.686 32.139 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   PtBdle5              -1.037  1.959  0.515 -0.448 
   2:   PtBdg5               -0.649  5.042  5.755  1.244 
   3:   Axes                 -1.077  1.967  2.105 -2.955 
   4:   Toolle5              -1.176  1.358 -0.250 -0.235 
   5:   Toolg5               -1.073  4.146  4.177  0.927 
   6:   Cores                -1.205  1.666  0.215  0.648 
   7:   Cortex               -1.214  0.749 -0.471  0.546 
   8:   LgFkle5              -1.132 -0.149 -1.904 -0.001 
   9:   LgFkg5               -1.170  3.343  3.480  0.555 
  10:   LgMdFks              -1.131  2.376  1.394  0.179 
  11:   SmFkle5              -1.137 -0.178 -2.029 -0.354 
  12:   SmFkg5               -0.921  2.042  1.940  0.467 
  13:   SmMdFks              -1.065  2.531  1.996 -0.241 
  14:   WsteFkg2             -1.056  0.741 -0.896 -0.162 
  15:   GeoMic               -0.699  2.077  0.513 -0.415 
  16:   Ret_Use              -1.119  2.140  1.536 -1.489 
  17:   MSC_Fks              -1.128  0.376 -0.874 -0.078 
  18:   Q_Fks                -0.968  0.743 -0.899 -0.476 
  19:   B_FksCob             -0.160  1.862  0.030  0.772 
  20:   Ochre                -1.672 -0.647  4.925  1.492 
  21:   ComplxFk             -1.311  2.077  2.620  0.408 
  22:   ClsterFk             -1.146 -1.625 -1.762 -0.215 
  23:   SctterFk             -0.848  0.715 -2.104 -0.291 
  24:   IF                   -0.849  0.773  3.277 -4.162 
  25:   AGGle5                1.888 -0.946  1.352 -2.482 
  26:   AGGl5g20              2.049 -0.556  0.734  0.952 
  27:   AGGge20               2.345  0.255 -0.036  5.240 
  28:   AGdple15              2.319  0.034 -0.426 -1.637 
  29:   AGdpg15               1.836 -0.997  1.844  1.648 
  30:   Egvle2                2.331 -0.988  1.013 -9.984 
  31:   Egvg2                 2.050 -0.230  0.338 -2.033 
  32:   Stencils             -1.146 -1.952  1.817  1.619 
  33:   Ptgle2               -1.606 -1.515  0.293  0.812 
  34:   Ptgg2                -1.364 -2.785  0.834  1.595 
  35:   Elv_600              -0.290 -0.610  0.664 -0.676 
  36:   Elv6_8                0.696 -0.180 -1.396 -0.883 
  37:   Elv_800               1.326  0.733 -1.628  2.014 
  38:   HhReElv               1.109  0.651 -0.697 -0.766 
  39:   H2O100               -0.495 -0.951  0.646  0.081 
  40:   H2O1_5                1.125  0.711 -1.014 -0.361 
  41:   Wells                 1.696  0.093  1.153  2.641 
  42:   CliffSpr              1.199  0.479 -0.602 -0.691 
  43:   Slpl20                0.061  0.012 -0.556  0.087 
  44:   Slpg20                0.258 -0.940  1.073 -0.740 
  45:   SubMtAr              -0.688 -0.881  0.398  0.268 
  46:   Shltr100             -0.980 -1.270 -0.276  0.714 
  47:   Shltr1km              1.064  0.218  0.663 -1.439 
  48:   RckShltr             -1.060 -1.605 -0.082  0.711 
  49:   Qry1km                0.071  1.378 -0.183  2.731 
  50:   RavRivAr             -0.870 -1.438  0.773  0.545 
  51:   LwHth                 1.547  0.486 -1.210  1.789 
  52:   GrsHth                0.548  0.870 -0.101 -0.741 
  53:   Woodlds              -0.221 -0.549  0.173 -0.397 
  54:   Swamp                -0.922 -0.654 -0.143  0.895 
  55:   O_RckFce              2.165  0.127  0.151  0.255 
  56:   HwkStne               1.589 -0.385  0.886  0.146 
  57:   NrrbStne              0.220 -0.016 -0.829  0.258 
  58:   AccSub                0.043 -0.460  0.028 -0.518 
  59:   NoAccSub              1.912  2.291 -1.120  5.576 
  60:   Cmplx_St              0.225 -0.238 -0.053  0.124 
  61:   Size100m              0.504  1.120  0.090  0.928 
  62:   PxMulti              -0.468 -0.879  0.624  0.225 
  63:   PxTrTpUn              0.695  0.107 -0.729 -0.538 
  64:   PxEgv                 1.037  0.150 -0.641 -1.552 
  65:   PxPtg                -0.334 -1.441  1.434 -0.004 
  66:   Px20AGG               1.213  0.046  0.355  1.143 
 
CA object scores  ((plot: site class: A=AGG; E= Engraving; M= 
Multidim(shelter); P= Painting(shelter); U= Unidim(open); T= 
Transit(open)) 
 
   1:   A                     1.663 -0.189  0.197 -1.442 
   2:   A                     1.655  0.059 -0.801 -0.167 
   3:   M                    -0.738 -0.900 -0.677  1.278 
   4:   U                    -0.882  0.891  0.486  0.284 
   5:   A                     1.514  0.158 -0.269  1.408 
   6:   A                     0.699  0.931 -1.543 -0.191 
   7:   E                    -0.101  0.934 -0.287 -0.145 
   8:   A                     1.149 -0.468 -0.196 -0.263 
   9:   T                     0.206  0.389 -2.240 -0.444 
  10:   M                    -0.696  0.099 -1.807 -0.270 
  11:   M                    -0.624  0.015 -1.833 -0.373 
  12:   A                     1.823  0.428 -0.736  0.452 
  13:   U                    -0.784  0.231 -0.177  0.156 
  14:   A                     0.297 -1.009  0.762  0.531 
  15:   M                    -0.722  1.567  1.651  0.276 
  16:   M                    -0.710 -0.360 -0.706  0.127 
  17:   E                     1.182 -0.573  0.398 -2.683 
  18:   E                     1.557  0.077 -0.782 -1.201 
  19:   M                    -0.486 -0.652 -1.245 -0.296 
  20:   A                     0.325 -1.300  1.462 -0.314 
  21:   M                    -1.125 -0.440 -1.276  0.030 
  22:   M                    -0.082  1.861  0.540  1.439 
  23:   A                     1.547  0.532 -0.371  2.872 
  24:   M                    -0.630 -0.181 -1.621 -0.423 
  25:   A                     0.603 -1.076  0.897  1.809 
  26:   U                     0.834 -0.054 -0.237 -0.679 
  27:   T                    -0.732  0.306  0.120 -1.150 
  28:   M                    -0.763  0.262 -0.875 -0.475 
  29:   A                     0.453 -1.475  1.447 -0.023 
  30:   P                    -1.085 -1.150  0.180  0.306 
  31:   E                     1.304 -0.677  1.075 -0.470 
  32:   U                     0.930 -0.191  0.146 -1.291 
  33:   P                    -1.038 -1.331 -0.515  0.107 
  34:   P                    -0.368 -1.726  0.932  0.315 
  35:   P                    -0.932 -0.727 -0.706  0.205 
  36:   M                    -0.572 -1.645  1.831  0.806 
  37:   M                    -0.390 -0.484 -1.905 -0.742 
  38:   M                    -0.859  1.461  0.734 -0.348 
  39:   M                    -0.476  1.263 -1.427  0.177 
  40:   M                     0.097 -0.392 -2.042 -0.297 
  41:   P                     0.253 -1.049 -0.120  0.645 
  42:   A                     1.680  0.102 -0.071  1.473 
  43:   M                    -0.158 -0.584  0.197  0.289 
  44:   A                     1.490  0.239 -0.096  0.011 
  45:   A                     1.651  0.142 -0.530 -0.585 
  46:   U                     0.636  1.083 -1.197  1.326 
  47:   U                    -0.991  0.255  1.031  0.386 
  48:   A                     0.727 -1.027  0.763  0.187 
  49:   A                     1.822  0.800 -0.785  1.142 
  50:   A                     1.447  0.791 -0.380  2.477 
  51:   T                    -0.763 -0.183  2.507 -2.605 
  52:   P                    -0.689 -1.772  0.367  0.604 
  53:   A                     0.671  0.108 -1.080  0.819 
  54:   U                    -0.380  0.362  0.119 -0.455 
  55:   T                    -0.976  0.848  1.089 -0.467 
  56:   P                    -0.732 -0.730 -0.766  0.636 
  57:   E                     1.169 -0.302 -0.857  0.736 
  58:   A                     1.300 -0.165 -0.124 -0.759 
  59:   E                     1.100  0.332 -0.215 -0.309 
  60:   T                     0.569  0.930 -2.069  0.058 
  61:   T                     0.645  0.627 -1.878 -0.154 
  62:   P                    -1.083 -0.373 -0.892  0.604 
  63:   A                     1.806  0.284 -0.624 -1.581 
  64:   U                    -0.666 -0.218 -0.583  0.229 
  65:   A                     1.572 -0.045 -0.167 -1.441 
  66:   A                     1.126 -0.905  1.369  0.669 
  67:   M                    -0.402  1.125  0.554  0.253 
  68:   M                    -0.554  1.235  0.775  0.413 
  69:   A                     1.261 -0.524  0.340  0.560 
  70:   M                    -0.780  0.252 -0.960  0.855 
  71:   A                     1.679  0.559 -0.480  2.598 
  72:   A                     1.766  0.818 -0.761  2.606 
  73:   A                     1.795  0.917 -0.888  3.344 
  74:   A                     1.888  0.755 -0.727  2.276 
  75:   A                     1.877  1.008 -0.516  3.699 
  76:   A                     1.502 -0.051 -0.316 -0.053 
  77:   A                     1.641  0.229 -0.378  0.226 
  78:   A                     1.641  0.229 -0.378  0.226 
  79:   P                    -0.511 -0.582 -1.141  0.980 
  80:   M                    -0.401 -0.794 -0.736  0.150 
  81:   A                     1.513 -0.315  0.208  0.678 
  82:   A                     1.634 -0.233  0.143  0.139 
  83:   U                    -1.036 -0.164 -0.887  0.540 
  84:   U                    -1.062  0.086 -0.025  0.629 
  85:   M                    -0.588 -0.866 -0.873 -0.050 
  86:   A                     1.172 -0.463  0.232  0.006 
  87:   U                    -0.439  0.689 -1.209  0.240 
  88:   M                    -0.803  1.810  1.120 -0.680 
  89:   T                    -0.412  0.032 -0.869 -0.459 
  90:   M                    -0.515  1.684  0.726  0.192 
  91:   U                    -0.962  2.427  1.114  0.629 
  92:   P                    -0.692 -0.347 -0.185  0.061 
  93:   U                     0.484  0.926 -1.099  0.019 
  94:   A                     1.311 -0.272  0.196 -0.435 
  95:   A                     1.815  0.231 -0.225  1.252 
  96:   A                     1.572  0.032 -0.433  0.016 
  97:   A                     2.067  0.188 -0.171  1.507 
  98:   U                     1.389  0.178 -0.687 -0.581 
  99:   A                     1.402 -0.296  1.017  0.037 
 100:   A                     1.417 -0.489  1.156 -0.669 
 101:   A                     1.431 -0.444  1.059 -0.110 
 102:   A                     1.399 -0.355  0.558 -1.137 
 103:   E                     1.680 -0.230  0.632 -1.533 
 104:   A                     1.383 -0.403  0.660 -1.728 
 105:   T                    -0.130  0.689 -0.458 -0.624 
 106:   M                    -1.004 -1.293 -0.746  0.034 
 107:   T                     0.020  0.520 -1.188 -1.192 
 108:   T                    -0.072  0.239 -0.969 -0.937 
 109:   M                    -1.127 -1.344 -0.788  0.010 
 110:   M                    -0.973 -1.034 -1.005 -0.122 
 111:   A                     1.323 -0.145 -0.190 -1.243 
 112:   M                    -1.194  1.867  1.976 -0.324 
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 113:   A                     0.872 -0.925  1.935  0.702 
 114:   M                    -0.593  0.979 -0.120  0.513 
 115:   U                    -0.707  0.505 -0.769  0.564 
 116:   U                    -0.707  0.505 -0.769  0.564 
 117:   A                     1.648 -0.241  0.114 -0.734 
 118:   U                    -0.611  0.298 -1.649  0.140 
 119:   U                    -0.897  0.479 -0.597  0.708 
 120:   A                     0.524 -1.459  1.984  0.023 
 121:   A                     1.410 -0.682  0.906 -1.258 
 122:   T                    -0.263  1.014  0.186 -1.997 
 123:   E                     1.824 -0.159  0.011 -3.909 
 124:   E                     1.534 -0.602  0.964 -1.893 
 125:   E                     1.160 -0.806  1.067 -0.070 
 126:   M                    -0.889 -0.941 -0.964 -0.155 
 127:   A                     0.271 -1.357  0.580 -0.720 
 128:   A                     0.500 -1.374  1.148 -0.483 
 129:   P                    -1.034 -2.305  0.757  0.914 
 130:   M                    -0.796 -1.535  0.401 -0.066 
 131:   M                    -1.186 -0.733  0.010 -0.341 
 132:   U                    -0.207  0.500 -0.950  0.200 
 133:   U                    -0.102  0.828 -1.572 -0.737 
 134:   M                    -1.066 -0.828 -1.303  0.102 
 135:   M                    -1.159 -1.110 -0.695  0.245 
 136:   M                    -1.005 -0.869 -0.990  0.111 
 137:   M                    -0.138  2.797  1.945  0.937 
 138:   P                    -1.129  0.335  0.557  0.130 
 139:   M                    -0.978  0.903  0.315 -0.843 
 140:   U                     1.019 -0.112 -0.195 -1.269 
 141:   T                     0.161  0.497 -0.758 -1.266 
 142:   T                     0.083  0.722 -0.629 -1.264 
 143:   E                     1.341 -0.020 -0.154 -1.631 
 144:   E                     1.229 -0.701  0.693 -3.641 
 145:   M                    -0.879  0.305  0.255 -0.500 
 146:   A                     1.473 -0.246  0.268 -1.147 
 147:   E                     1.673  0.165 -0.218 -0.437 
 148:   P                    -0.911 -1.377 -0.314  0.047 
 149:   P                    -0.818 -2.094  0.994  0.620 
 150:   U                    -1.026 -0.319 -0.617  0.185 
 151:   U                     0.559 -0.279 -0.130 -1.386 
 152:   T                    -0.530  1.128 -0.883 -1.213 
 153:   T                    -0.112  1.076 -0.259 -0.944 
 154:   T                     0.092  0.840  1.666 -3.182 
 155:   U                     0.559 -0.279 -0.130 -1.386 
 156:   U                     0.559 -0.279 -0.130 -1.386 
 157:   M                    -0.925  2.191  1.875  0.130 
 158:   T                    -0.207  0.479 -1.554 -1.463 
 159:   P                    -1.098 -1.050  1.859  0.931 
 160:   M                    -0.893  2.111  1.894  0.191 
 161:   U                     0.733 -0.382  0.456 -1.020 
 162:   A                     0.569 -1.110  1.731  0.591 
 163:   A                     0.835 -0.762  1.239  1.625 
 164:   P                    -0.759 -2.039  0.849  0.471 
 165:   P                    -1.207 -0.171  0.087 -0.249 
 166:   M                    -1.004 -0.992 -0.812 -0.017 
 167:   T                    -0.543  1.181 -0.897 -0.768 
 168:   M                    -0.651  2.054  2.159 -0.092 
 169:   M                    -0.217  0.919  0.273 -1.347 
 170:   P                    -1.401  0.603  2.251  0.755 
 171:   T                    -0.911 -1.754  0.163  0.009 
 172:   A                     1.316 -0.196 -0.202 -1.708 
 173:   M                    -0.937 -1.665 -0.113  0.008 
 174:   A                     0.690 -1.141  1.531  0.604 
 175:   A                     1.804  0.583 -0.257  0.561 
 176:   M                    -0.744  1.015  1.303  0.050 
 177:   P                    -0.993 -2.368  1.397  0.957 
 178:   P                    -0.886 -0.902 -0.696  0.093 
 179:   A                     0.377 -1.418  1.319  1.343 
 180:   T                    -0.525  0.165  0.380 -1.948 
 181:   A                     0.943 -0.996  1.332 -0.395 
 182:   M                    -0.825  1.245 -0.358 -0.319 
 183:   M                    -0.637  0.197 -0.568 -0.182 
 184:   M                     0.534 -1.517  2.185 -0.462 
 185:   M                    -0.522  0.988 -0.377 -0.698 
 186:   T                    -0.362  1.034 -1.141 -1.210 
 187:   T                    -0.287  0.686 -1.627 -0.976 
 188:   M                    -1.035 -0.985 -0.645  0.456 
 189:   M                    -1.035 -0.985 -0.645  0.456 
 190:   P                    -0.570 -1.992  0.922  0.309 
 191:   A                     0.915 -0.804  1.171  1.466 
 192:   A                     0.590 -1.450  1.838 -0.477 
 193:   M                    -0.766 -2.113  1.557  0.439 
 194:   M                     0.317 -0.831 -0.193  0.062 
 195:   U                    -0.922 -0.350 -0.675  0.554 
 196:   P                    -1.168 -0.507  0.161  0.584 
 197:   A                    -0.245 -1.243  1.316 -0.610 
 198:   M                    -1.251  0.571  0.595 -0.075 
 199:   P                    -0.872 -1.798  0.614  0.483 
 200:   U                    -0.615  0.963 -1.969 -0.432 
 201:   M                    -0.962 -0.753 -0.535 -0.134 
 202:   P                    -0.951 -1.678  0.202  0.654 
 203:   U                    -0.503  0.326 -0.793 -0.612 
 204:   M                    -0.969 -1.048 -0.241  0.008 
 205:   M                    -0.933  1.180  1.490  0.217 
 206:   P                    -0.818 -1.657 -0.400  0.731 
 207:   P                    -0.679 -1.847  0.424  0.487 
 208:   P                    -0.978 -1.855  0.083  0.692 
 209:   M                    -0.681 -1.115 -0.246 -0.226 
 210:   U                    -1.058 -0.580 -1.289  0.061 
 211:   A                     1.274 -0.270  0.889  0.566 
 
Appendix C  Text MCA and DMCA Analyses BMNP Project 370 
3.1.4  Random Half Analysis (Half of the Objects) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\BMT.DAT 
 
Actual sum of CA eigenvalues: 2.71172 
 
Eigenvalues times 100 
                             36.718 21.636 12.623 11.704 
% 
                             13.540  7.979  4.655  4.316 
 
CUM % 
                             13.540 21.519 26.174 30.490 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   PtBdle5              -1.006  2.207  0.417 -0.032 
   2:   PtBdg5               -0.284  4.831  3.148  0.788 
   3:   Axes                 -1.083  2.147  2.435  1.834 
   4:   Toolle5              -1.238  1.579  0.067 -0.694 
   5:   Toolg5               -0.940  4.446  3.006  0.365 
   6:   Cores                -1.320  1.954  0.450 -1.193 
   7:   Cortex               -1.337  0.990 -0.436 -0.982 
   8:   LgFkle5              -1.307  0.054 -1.306 -1.061 
   9:   LgFkg5               -1.141  3.603  2.677  0.328 
  10:   LgMdFks              -1.129  2.588  1.155  0.111 
  11:   SmFkle5              -1.239  0.006 -1.501 -0.699 
  12:   SmFkg5               -0.917  2.334  1.517  0.521 
  13:   SmMdFks              -1.008  2.761  1.587  0.621 
  14:   WsteFkg2             -1.110  0.963 -0.645 -0.192 
  15:   GeoMic               -0.616  2.303  0.293  0.334 
  16:   Ret_Use              -1.064  2.397  1.556  0.759 
  17:   MSC_Fks              -1.223  0.586 -0.624 -0.560 
  18:   Q_Fks                -1.020  0.967 -0.517 -0.129 
  19:   B_FksCob             -0.127  1.904 -0.117 -0.548 
  20:   Ochre                -1.723 -0.361  2.269  4.502 
  21:   ComplxFk             -1.286  2.379  1.723  0.465 
  22:   ClsterFk             -1.286 -1.342 -2.167 -0.036 
  23:   SctterFk             -0.934  0.882 -1.172 -0.764 
  24:   IF                   -1.147  0.910  5.221  0.319 
  25:   StnArg                0.957  0.478  0.257  7.538 
  26:   AGGle5                1.543 -1.262  1.994  0.155 
  27:   AGGl5g20              1.738 -0.995  1.225 -1.496 
  28:   AGGge20               2.016 -0.319  0.203 -2.900 
  29:   AGline                2.146 -0.094 -0.710 -1.069 
  30:   AGclustr              1.494 -1.585  2.333 -1.867 
  31:   AGdple15              2.003 -0.261  0.102  0.620 
  32:   AGdpg15               1.482 -1.483  2.336 -2.180 
  33:   Egvle2                1.782 -1.232  1.874  1.973 
  34:   Egvg2                 1.753 -0.546  0.586  0.797 
  35:   Egvm2m2m              1.829 -1.166  0.110 -1.261 
  36:   Stencils             -1.377 -1.660 -0.463  2.523 
  37:   Ptgle2               -1.858 -1.015 -0.411 -0.112 
  38:   Ptgg2                -1.685 -2.993 -2.305  2.965 
  39:   Ptgm2m2m             -1.688 -3.072 -2.500  2.780 
  40:   Elv_600              -0.511 -0.583  0.735  0.731 
  41:   Elv6_8                0.408 -0.198 -0.211 -1.621 
  42:   Elv_800               1.209  0.549 -2.007 -1.417 
  43:   HhReElv               0.988  0.604 -0.449  0.660 
  44:   H2O100               -0.790 -0.944  0.768 -0.394 
  45:   H2O1_5                1.051  0.647 -1.003  0.657 
  46:   Wells                 1.408 -0.389  1.485 -1.691 
  47:   Ort_NS               -0.186  0.123  0.688  0.582 
  48:   Ort_EW                0.090 -0.643 -0.403 -0.242 
  49:   AcsOrt                0.112 -0.432  0.281  0.262 
  50:   RdHhPk                1.579  0.833 -1.793  0.439 
  51:   RdElvTFt              1.208  0.499 -0.845  0.952 
  52:   ScndFt                0.968  0.352  0.955  3.116 
  53:   CliffSpr              1.062  0.413 -0.419  0.779 
  54:   Slpl20               -0.104 -0.029 -0.434 -0.225 
  55:   Slpg20               -0.036 -0.906  1.127  0.548 
  56:   NatDemAr              0.584  0.071 -0.011  0.965 
  57:   NatDemFt              0.669  0.002 -0.851  1.261 
  58:   SubMtAr              -0.934 -0.837  0.319 -0.428 
  59:   Shltr100             -1.216 -1.150 -0.852 -0.195 
  60:   Shltr1km              0.845  0.104  1.332  0.698 
  61:   RckShltr             -1.279 -1.489 -1.046  0.326 
  62:   Qry1km               -0.108  1.401 -0.194 -1.989 
  63:   RavRivAr             -1.168 -1.399  0.636 -0.792 
  64:   LwHth                 1.347  0.284 -1.359 -1.289 
  65:   GrsHth                0.360  0.844  0.503  0.076 
  66:   Woodlds              -0.422 -0.518  0.233  0.269 
  67:   Swamp                -1.226 -0.469  0.269 -2.011 
  68:   O_RckFce              1.853 -0.246  0.481 -0.522 
  69:   HwkStne               1.257 -0.681  1.219 -0.851 
  70:   NrrbStne              0.066  0.002 -0.750 -0.510 
  71:   Vis1000               1.967  0.684 -2.495 -1.219 
  72:   Vis6_1k               1.911  0.826 -2.162  0.102 
  73:   Vis600                2.238  0.522 -2.138 -0.411 
  74:   180_Vis               1.185  0.769 -0.948  0.344 
  75:   AccSub               -0.167 -0.451  0.168  0.231 
  76:   NoAccSub              1.799  1.805 -1.840 -2.680 
  77:   Cmplx_St              0.057 -0.256 -0.126  0.124 
  78:   Size100m              0.309  0.947  1.103 -1.277 
  79:   PxMulti              -0.691 -0.813  0.391 -0.344 
  80:   PxTrTpUn              0.493  0.058 -0.357  0.295 
  81:   PxEgv                 0.884  0.052 -0.264  1.278 
  82:   PxPtg                -0.622 -1.406  0.952  0.749 
  83:   Px20AGG               0.930 -0.160  0.611 -0.819 
  84:   PxStnArg              0.499  0.420  0.530  4.239 
 
CA object scores ((plot: site class: A=AGG; E= Engraving;  
M= Multidim(shelter); P= Painting(shelter); U= Unidim(open);  
T= Transit(open)) 
 
   1:   A                     1.197 -0.214  0.555  0.929 
   2:   A                     1.717  0.021 -1.210 -0.511 
   3:   M                    -1.031 -0.717 -0.731 -0.805 
   4:   U                    -1.091  1.109  0.736 -0.688 
   5:   A                     1.084 -0.146 -0.050 -1.117 
   6:   A                     1.008  0.848 -1.599 -0.322 
   7:   E                     0.233  0.957 -0.890 -0.056 
   8:   A                     1.160 -0.339 -0.863  0.248 
   9:   T                     0.027  0.313 -0.975 -0.028 
  10:   M                    -0.931  0.302 -0.951 -0.992 
  11:   M                    -0.866  0.206 -0.936 -0.893 
  12:   A                     1.607  0.163 -0.939 -0.351 
  13:   U                    -0.779  0.313  0.255 -0.508 
  14:   A                     0.027 -1.208  1.323 -0.933 
  15:   M                    -0.833  1.729  1.267  0.194 
  16:   M                    -0.966 -0.267 -0.421 -1.033 
  17:   E                     0.676 -0.847  1.075 -0.156 
  18:   E                     1.436  0.086 -0.978  0.146 
  19:   M                    -0.696 -0.594 -0.970 -0.210 
  20:   A                     0.134 -1.459  1.882 -0.959 
  21:   M                    -1.155 -0.176 -0.645 -0.059 
  22:   M                    -0.041  1.724  0.127 -0.340 
  23:   A                     1.452  0.237 -0.592 -1.252 
  24:   M                    -0.743 -0.099 -0.998 -0.528 
  25:   A                     0.317 -1.238  1.347 -0.563 
  26:   U                     0.543 -0.134  0.604  2.004 
  27:   T                    -0.671  0.446  0.360  0.472 
  28:   M                    -0.902  0.355 -0.615 -0.183 
  29:   A                     0.188 -1.754  1.794 -1.165 
  30:   P                    -1.108 -0.898 -0.229 -0.004 
  31:   E                     0.726 -0.869  1.520 -0.081 
  32:   U                     0.828 -0.025  0.036  2.522 
  33:   P                    -1.286 -1.477 -1.144  0.507 
  34:   P                    -0.578 -1.664 -0.155  1.098 
  35:   P                    -1.184 -0.884 -1.069  0.019 
  36:   M                    -0.801 -1.549  0.539  1.120 
  37:   M                    -0.086 -0.137 -1.949 -0.112 
  38:   M                    -0.907  1.560  0.918 -0.066 
  39:   M                    -0.510  1.332 -0.789 -0.595 
  40:   M                    -0.148 -0.432 -1.546 -0.288 
  41:   P                     0.491 -0.589 -1.739  1.560 
  42:   A                     1.518 -0.184  0.040 -1.447 
  43:   M                    -0.060 -0.327 -0.185  0.815 
  44:   A                     1.531  0.306 -0.772 -0.019 
  45:   A                     1.521  0.202 -0.743  0.331 
  46:   U                     0.516  0.960 -0.862 -0.683 
  47:   U                    -1.267  0.488  0.954 -0.737 
  48:   A                     0.465 -1.296  1.487 -1.374 
  49:   A                     1.671  0.580 -1.075 -0.445 
  50:   A                     1.414  0.581 -0.840 -0.977 
  51:   T                    -0.930 -0.082  2.903  0.769 
  52:   P                    -1.008 -2.037 -1.036  1.041 
  53:   A                     0.469 -0.076  0.151 -1.427 
  54:   U                    -0.670  0.465  1.109 -0.829 
  55:   T                    -1.015  1.008  1.311  0.924 
  56:   P                    -1.006 -1.030 -1.464  0.287 
  57:   E                     1.174 -0.590 -0.830 -0.801 
  58:   A                     1.074 -0.419  0.628  0.017 
  59:   E                     1.273  0.286 -0.751  0.506 
  60:   T                     0.876  0.933 -2.025  0.405 
  61:   T                     0.945  0.738 -2.111  0.710 
  62:   P                    -1.258 -0.466 -1.503 -0.136 
  63:   A                     1.574  0.160 -0.572  0.512 
  64:   U                    -0.754 -0.168 -0.212 -0.765 
  65:   A                     1.251 -0.332  0.483 -0.198 
  66:   A                     0.745 -1.205  1.718 -1.121 
  67:   M                    -0.462  1.308  0.412 -0.321 
  68:   M                    -0.591  1.438  0.465 -0.350 
  69:   A                     0.852 -0.913  1.171 -1.307 
  70:   M                    -0.881  0.310 -0.651 -1.228 
  71:   A                     1.581  0.354 -1.058 -1.420 
  72:   A                     1.662  0.537 -1.381 -1.454 
  73:   A                     1.680  0.596 -1.496 -1.618 
  74:   A                     1.612  0.361 -0.592 -1.444 
  75:   A                     1.770  0.422 -0.604 -2.340 
  76:   A                     1.401 -0.195 -0.260 -0.598 
  77:   A                     1.532  0.026 -0.362 -0.740 
  78:   A                     1.532  0.026 -0.362 -0.740 
  79:   P                    -0.842 -0.734 -1.338 -0.406 
  80:   M                    -0.458 -0.452 -0.705 -0.431 
  81:   A                     1.513 -0.168 -0.330 -0.294 
  82:   A                     1.530 -0.102 -0.339 -0.004 
  83:   U                    -1.343  0.055 -0.398 -1.619 
  84:   U                    -1.354  0.334  0.176 -1.342 
  85:   M                    -0.653 -0.634 -0.842 -0.595 
  86:   A                     1.233 -0.514  0.067 -1.198 
  87:   U                    -0.628  0.696 -0.518 -1.220 
  88:   M                    -0.795  1.859  1.583  0.184 
  89:   T                    -0.582 -0.014 -0.340 -0.250 
  90:   M                    -0.365  1.838  0.393  0.063 
  91:   U                    -1.063  2.672  1.228 -0.445 
  92:   P                    -0.665  0.030 -0.522  1.287 
  93:   U                     0.788  0.865 -1.430 -0.076 
  94:   A                     1.049 -0.528  0.623 -0.347 
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  95:   A                     1.537  0.018 -0.535 -0.555 
  96:   A                     1.565 -0.190 -0.472 -1.184 
  97:   A                     1.793 -0.125 -0.388 -0.662 
  98:   U                     1.061  0.060  0.020  2.890 
  99:   A                     1.029 -0.499  1.772  0.582 
 100:   A                     1.037 -0.624  1.804  0.948 
 101:   A                     0.992 -0.485  1.516  1.015 
 102:   A                     0.978 -0.411  1.111  1.141 
 103:   E                     1.259 -0.424  1.177  0.997 
 104:   A                     0.963 -0.438  1.210  1.360 
 105:   T                    -0.108  0.731 -0.156  0.267 
 106:   M                    -1.143 -1.147 -0.789 -0.474 
 107:   T                     0.061  0.560 -0.548  0.431 
 108:   T                    -0.001  0.321 -0.418  0.321 
 109:   M                    -1.265 -1.069 -0.586 -0.278 
 110:   M                    -1.144 -0.894 -0.816 -0.569 
 111:   A                     0.925 -0.357  0.240  0.287 
 112:   M                    -1.208  1.913  1.691  0.012 
 113:   A                     0.535 -1.371  2.577 -1.465 
 114:   M                    -0.775  1.096  0.255 -0.978 
 115:   U                    -0.905  0.616  0.063 -1.415 
 116:   U                    -0.905  0.616  0.063 -1.415 
 117:   A                     1.217 -0.555  0.976 -0.146 
 118:   U                    -0.762  0.313 -0.979 -1.155 
 119:   U                    -0.995  0.592 -0.034 -1.083 
 120:   A                     0.497 -1.550  1.844 -0.977 
 121:   A                     0.985 -0.713  1.389  0.030 
 122:   T                    -0.411  1.049  0.406  0.989 
 123:   E                     1.556 -0.358  0.380  0.882 
 124:   E                     1.066 -0.801  1.315  0.463 
 125:   E                     0.878 -1.329  1.696 -1.012 
 126:   M                    -1.036 -0.819 -0.875 -0.256 
 127:   A                     0.296 -1.418  0.989 -0.433 
 128:   A                     0.288 -1.551  1.364 -0.301 
 129:   P                    -1.458 -2.506 -0.974  1.483 
 130:   M                    -1.066 -1.436  0.069 -0.049 
 131:   M                    -1.387 -0.539 -0.184 -0.247 
 132:   U                    -0.023  0.629 -1.012 -0.659 
 133:   U                     0.324  1.000 -1.640 -0.178 
 134:   M                    -1.279 -0.711 -1.033 -0.928 
 135:   M                    -1.385 -0.969 -0.669 -0.847 
 136:   M                    -1.215 -0.766 -0.843 -0.770 
 137:   M                     0.217  2.494  0.565 -0.018 
 138:   P                    -1.258  0.594  0.334 -0.120 
 139:   M                    -0.745  0.982  0.281  1.005 
 140:   U                     1.090  0.124 -0.166  2.508 
 141:   T                     0.466  0.600 -0.665  1.868 
 142:   T                     0.405  0.775 -0.607  1.832 
 143:   E                     1.176  0.054 -0.198  1.795 
 144:   E                     1.006 -0.522  0.541  1.315 
 145:   M                    -0.755  0.451  0.101  0.498 
 146:   A                     1.282 -0.504  0.527 -0.025 
 147:   E                     1.400  0.070  0.013  0.765 
 148:   P                    -1.168 -1.545 -1.176  0.793 
 149:   P                    -1.164 -2.182 -0.368  1.214 
 150:   U                    -1.236 -0.181 -0.399 -0.943 
 151:   U                     0.723  0.045 -0.345  2.913 
 152:   T                    -0.177  1.110 -0.639  0.399 
 153:   T                     0.039  0.988 -0.249  0.807 
 154:   T                    -0.159  0.727  2.439  1.396 
 155:   U                     0.745  0.164 -0.041  3.342 
 156:   U                     0.564  0.042  0.232  3.101 
 157:   M                    -0.764  2.297  1.495  0.451 
 158:   T                    -0.267  0.515 -0.153  0.885 
 159:   P                    -0.986 -0.664  0.564  2.263 
 160:   M                    -0.731  2.205  1.506  0.469 
 161:   U                     0.549 -0.155  0.594  3.545 
 162:   A                     0.473 -1.306  1.884 -1.131 
 163:   A                     0.523 -1.044  1.688 -0.824 
 164:   P                    -0.727 -1.841 -0.491  1.744 
 165:   P                    -1.253 -0.182 -0.440  0.690 
 166:   M                    -1.010 -0.703 -0.670 -0.031 
 167:   T                    -0.485  1.143 -0.101  1.350 
 168:   M                    -0.563  2.001  1.665  0.532 
 169:   M                     0.178  0.953  0.056  1.685 
 170:   P                    -1.376  0.534  0.802  1.810 
 171:   T                    -0.990 -1.489 -0.147  0.024 
 172:   A                     1.158 -0.322  0.430  1.198 
 173:   M                    -0.989 -1.398 -0.312 -0.106 
 174:   A                     0.362 -1.467  1.945 -1.074 
 175:   A                     1.632  0.233 -0.310  0.102 
 176:   M                    -0.902  1.173  1.108  0.007 
 177:   P                    -1.284 -2.473 -0.619  1.503 
 178:   P                    -1.163 -0.660 -0.516 -0.509 
 179:   A                     0.104 -1.699  1.419 -1.244 
 180:   T                    -0.830  0.316  1.491 -0.476 
 181:   A                     0.583 -1.403  2.029 -0.980 
 182:   M                    -0.958  1.347  0.408 -0.596 
 183:   M                    -0.737  0.332 -0.294  0.116 
 184:   M                     0.276 -1.665  2.348 -0.538 
 185:   M                    -0.438  1.030 -0.076  0.105 
 186:   T                    -0.152  1.011 -0.541  0.806 
 187:   T                    -0.119  0.711 -0.976  0.181 
 188:   M                    -1.007 -0.700 -0.888 -0.484 
 189:   M                    -1.007 -0.700 -0.888 -0.484 
 190:   P                    -1.037 -2.193 -0.597  1.788 
 191:   A                     0.532 -1.156  1.994 -1.460 
 192:   A                     0.305 -1.525  2.000 -0.102 
 193:   M                    -0.864 -1.802  0.298  0.791 
 194:   M                    -0.010 -0.764 -0.533  1.267 
 195:   U                    -1.045 -0.223 -0.486 -0.884 
 196:   P                    -1.420 -0.218  0.066 -0.642 
 197:   A                    -0.469 -1.327  2.148 -1.178 
 198:   M                    -1.395  0.789  0.355 -0.370 
 199:   P                    -1.141 -1.675 -0.006 -0.234 
 200:   U                    -0.556  0.922 -0.744 -0.254 
 201:   M                    -1.052 -0.587 -0.305 -0.317 
 202:   P                    -1.227 -1.668 -0.864  1.031 
 203:   U                    -0.446  0.414 -0.579  0.199 
 204:   M                    -1.229 -0.889 -0.294 -0.549 
 205:   M                    -1.033  1.323  1.379 -0.421 
 206:   P                    -0.989 -1.655 -1.527  0.928 
 207:   P                    -0.832 -1.911 -1.059  1.403 
 208:   P                    -1.255 -2.049 -1.012  0.495 
 209:   M                    -0.987 -0.932  0.048 -0.424 
 210:   U                    -1.265 -0.435 -1.029 -0.844 
 211:   A                     1.122 -0.559  1.301 -0.147 
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Figure 5:  Random half (object) MCA for the BMNP matrix, object and variable plots. 
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3.2  Stone Material Analysis Eigenvalues 
3.2.1  Stone Material Analysis (D)MCA 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\STONE.DAT 
 
Actual sum of CA eigenvalues: 1.89045 
 
Eigenvalues times 100 
                             22.475 20.003 14.328 12.132 
% 
                             11.888 10.581  7.579  6.417 
 
CUM % 
                             11.888 22.470 30.049 36.466 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   PtBd                  1.388  1.278  0.717  0.165 
   2:   Axes                  1.017  1.353 -0.040  0.585 
   3:   Toolle5               0.801  0.407  0.854 -1.855 
   4:   Toolg5                2.343  2.525  0.791  1.912 
   5:   Cores                 1.581  0.598  0.362 -0.554 
   6:   Cortex                1.308  0.033  0.556 -0.491 
   7:   LgFkle5               0.577 -1.330 -0.515 -1.871 
   8:   LgFkg5                1.624  2.184  0.913  1.238 
   9:   LgMdFks               1.594  1.552  0.548 -0.131 
  10:   SmFkle5               0.223 -1.373 -0.897 -1.623 
  11:   SmFkg5                0.136  1.160  0.047  1.965 
  12:   SmMdFks               1.228  1.124  0.594  0.545 
  13:   WsteFkg2              0.055 -0.040 -0.290 -0.038 
  14:   GeoMic               -0.296  0.916  0.542  0.621 
  15:   Ret_Use               1.335  1.120 -0.416  0.444 
  16:   B_FksCob              0.632  1.203 -0.367 -0.346 
  17:   ComplxFk              1.615  1.644  0.610  0.846 
  18:   ClsterFk             -1.082 -2.583  1.172  3.260 
  19:   SctterFk             -0.461 -0.282 -1.052 -1.198 
  20:   Egvg2                -2.805  0.038  3.983 -0.470 
  21:   Stencils              0.517 -2.724  1.678  5.855 
  22:   Ptgg2                 1.296 -5.034  1.215  3.804 
  23:   Elv_600               0.322  0.138 -1.852  0.129 
  24:   Elv6_8                0.839 -3.297  2.106 -0.453 
  25:   Elv_800              -1.471  0.312  2.027 -0.102 
  26:   H2O100                1.404 -0.260  0.496  0.096 
  27:   H2O1_5               -0.972 -0.387 -0.598 -0.031 
  28:   Wells                -0.689  0.309  3.035 -2.864 
  29:   Ort_NS                1.352 -0.471  0.817  1.046 
  30:   Ort_EW               -0.637 -0.234 -0.797 -0.450 
  31:   AcsOrt                0.121 -0.598 -0.541 -0.373 
  32:   RdHhPk               -1.986  0.349  0.061  0.434 
  33:   RdElvTFt             -1.484  0.333 -0.042  0.766 
  34:   ScndFt               -0.429  0.877 -0.972  2.698 
  35:   CliffSpr             -0.489 -0.180 -1.210  0.128 
  36:   Slpl20               -0.127  0.141 -0.221 -0.567 
  37:   Slpg20                0.098 -1.598 -0.606  1.443 
  38:   NatDemAr             -0.632  0.829 -0.277 -0.082 
  39:   NatDemFt             -1.612  0.489 -0.233  0.837 
  40:   SubMtAr               0.659 -0.986 -0.017  0.218 
  41:   Shltr100              0.723 -2.105  0.851  0.657 
  42:   Shltr1km             -0.132  1.160 -1.487 -0.086 
  43:   RckShltr              0.644 -2.431  1.066  0.890 
  44:   Qry1km                1.185  1.763  0.845  0.545 
  45:   LwHth                -1.318  0.602  2.998 -1.215 
  46:   GrsHth                0.292  0.541 -0.238 -1.863 
  47:   Woodlds               0.202 -0.672 -1.105  0.815 
  48:   Swamp                 1.541 -0.265  2.039 -0.260 
  49:   O_RckFce             -1.820  0.768  3.436 -1.141 
  50:   HwkStne              -0.133 -0.778  2.842  0.334 
  51:   NrrbStne             -0.235 -0.829  1.014 -0.492 
  52:   Vis1000              -2.350  0.782  2.421 -1.382 
  53:   Vis6_1k              -2.537  1.142  0.822 -0.063 
  54:   Vis600               -2.611  0.692  1.211 -1.233 
  55:   180_Vis              -0.373  0.718  0.198 -0.317 
  56:   Cmplx_St             -0.144  0.049 -0.418  0.066 
  57:   Size100m              0.290  0.798 -0.536 -1.540 
  58:   PxMulti               1.229 -0.221  0.423 -0.829 
  59:   PxTrTpUn             -0.674 -0.595  0.081  0.419 
  60:   PxEgv                -1.948  0.440 -0.102  0.348 
  61:   PxPtg                 0.820 -1.016 -1.144 -0.549 
  62:   Px20AGG               0.163 -0.300  1.395 -0.641 
  63:   PxStnArg             -2.226  0.574 -0.522  2.027 
 
CA object scores  ((Plot:(A) – Axe grinding groove;  (E) – 
Engraving; (M) – Multidim;  (P) – Painting;  (T) – Transit; 
(U) – Unidim)) 
 
Class codes are used in combination with material codes: 
(q) – denotes site class as quartz only;  (m) – denotes site 
class as MSC (mudstone, silcrete, chert);  Combined 
If all material types are present no material code is 
attached to the class code 
 
   1:   Eq                   -1.594 -0.145  1.454 -0.833 
   2:   Mq                    0.960 -1.595  0.291 -0.713 
   3:   Tq                   -1.182  0.485 -1.132  0.223 
   4:   Mq                   -0.143 -2.458  0.509  0.265 
   5:   Mq                   -0.227 -0.951  0.161  1.618 
   6:   Mq                    0.305 -0.622  0.580  0.826 
   7:   Tq                   -2.437  0.280  1.525  0.217 
   8:   Tq                   -2.444  0.485  1.459  0.385 
   9:   Tq                   -0.880  0.392 -0.311  1.097 
  10:   Uq                   -0.570  0.564  0.994 -1.073 
  11:   Uq                   -1.293  0.460  0.557 -0.499 
  12:   Tq                   -1.182  0.485 -1.132  0.223 
  13:   Tq                   -0.585  0.126 -1.104 -0.491 
  14:   Pq                    0.576 -1.882  0.574  0.212 
  15:   Tq                    0.338 -0.081 -0.890  1.093 
  16:   Tq                   -1.478  0.531 -1.158  1.167 
  17:   Tq                   -1.519  0.458 -1.282  1.141 
  18:   Tq                   -1.478  0.531 -1.158  1.167 
  19:   Tq                   -1.478  0.531 -1.158  1.167 
  20:   Tq                   -1.519  0.458 -1.282  1.141 
  21:   Tq                   -0.528 -0.771 -2.165 -0.176 
  22:   Am                   -0.064 -1.197  1.113 -1.810 
  23:   Mm                    0.241  0.788  1.238 -0.179 
  24:   Mm                   -0.210  0.857  1.394 -0.488 
  25:   Um                   -0.369 -0.174  1.286 -1.278 
  26:   Pm                    0.508 -2.495  1.072  1.084 
  27:   Mm                   -0.631 -0.630  0.008  1.878 
  28:   Em                   -2.252  0.496  1.929  0.884 
  29:   Pm                    0.282 -1.906  0.184  3.117 
  30:   Um                    0.622 -0.725 -0.132 -1.673 
  31:   Um                   -0.233  0.192  0.059 -1.897 
  32:   Um                   -0.784  0.313 -0.688 -1.276 
  33:   Mm                    0.322 -1.859 -1.482 -0.496 
  34:   Mm                    0.205 -1.825 -1.369 -0.383 
  35:   Mm                    0.913 -0.769 -0.732 -0.144 
  36:   Mm                    0.913 -2.301 -0.337  0.887 
  37:   Um                    0.530 -0.597 -0.889 -1.468 
  38:   Um                   -0.232 -0.019 -1.714 -1.442 
  39:   A                    -1.555  0.398  1.649 -0.828 
  40:   E                    -0.622  0.182  1.358 -0.869 
  41:   E                    -0.851 -0.464  1.289  0.156 
  42:   M                     0.960 -1.595  0.291 -0.713 
  43:   M                     0.840 -1.708  0.214 -0.665 
  44:   M                     1.238  0.328  1.602  1.159 
  45:   M                     0.524 -0.792 -0.009 -0.449 
  46:   M                     0.164 -1.622 -0.035  0.001 
  47:   M                     0.533 -0.796 -0.177 -0.387 
  48:   M                    -0.859 -2.134  0.643  0.689 
  49:   T                    -1.083 -0.546 -0.866 -0.128 
  50:   P                     1.302 -2.793  0.423  0.303 
  51:   A                    -0.065 -0.851  1.781 -1.415 
  52:   M                    -0.571 -1.072  0.153  3.213 
  53:   T                    -2.272  0.790  1.024 -0.433 
  54:   T                    -0.651  0.375 -0.472  0.872 
  55:   M                     0.765  0.104  1.247  0.513 
  56:   M                     0.976  0.221  1.673  0.475 
  57:   U                     0.635 -0.087  0.577 -1.933 
  58:   M                     1.185  1.475  0.016 -0.086 
  59:   M                     0.463  1.197  0.008  0.113 
  60:   T                    -0.156  0.271 -0.908 -0.577 
  61:   T                    -0.156  0.271 -0.908 -0.577 
  62:   M                     0.834  0.171 -0.737 -1.050 
  63:   T                    -0.458  0.048 -0.781 -0.492 
  64:   M                     1.095  0.445  0.678 -1.099 
  65:   U                     0.436  0.930 -0.275 -0.996 
  66:   M                     1.311  0.987  0.032  0.257 
  67:   M                    -0.024  1.588  0.666 -0.223 
  68:   M                     1.142 -0.454  0.293 -0.122 
  69:   T                    -0.552 -0.770 -1.877 -0.002 
  70:   T                    -0.154  0.512 -1.271 -0.602 
  71:   T                    -0.655  0.439 -1.366  0.529 
  72:   T                    -0.655  0.439 -1.366  0.529 
  73:   M                     1.643  1.718  0.058  1.085 
  74:   M                     1.643  1.718  0.058  1.085 
  75:   T                     0.164 -0.141 -1.991 -0.225 
  76:   M                     1.437  1.535 -0.037  1.319 
  77:   M                     1.643  1.718  0.058  1.085 
  78:   M                     1.588  1.667 -0.024  1.112 
  79:   T                     0.933  0.244 -1.013 -0.708 
  80:   U                     0.475  0.450 -0.552 -0.294 
  81:   T                     0.168  0.037 -1.150 -0.981 
  82:   M                     1.235  1.256 -0.391  0.413 
  83:   M                    -0.098  0.392 -0.170  0.650 
  84:   M                     1.368 -0.061  0.685  0.559 
  85:   M                     0.519  0.180 -0.831 -1.176 
  86:   T                    -0.397  0.168 -1.424 -0.463 
  87:   T                    -0.723  0.045 -1.524 -0.281 
  88:   T                    -0.395 -0.191 -1.522 -0.903 
  89:   U                     0.326 -0.137 -0.971 -1.572 
  90:   T                     0.873 -1.269 -0.522 -0.798 
  91:   U                     0.410 -0.541 -0.871 -0.793 
  92:   P                     0.413 -2.186  0.049  1.906 
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3.3  Lithic Assemblage Analysis Eigenvalues 
3.3.1  Lithic Assemblage Diversity Analysis (D)MCA Cores and Cortex 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\CCT.DAT 
 
Actual sum of CA eigenvalues: 1.84913 
 
Eigenvalues times 100 
                             24.937 16.802 11.073  9.484 
% 
                             13.486  9.087  5.988  5.129 
 
CUM % 
                             13.486 22.572 28.561 33.690 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   PtBdle5               0.000  2.040  0.802  0.026 
   2:   Axes                  0.089  2.012 -0.772  0.485 
   3:   Toolle5              -0.384  0.770 -0.168 -0.985 
   4:   Toolg5                0.784  4.019  0.861  0.927 
   5:   LgFkle5              -1.041 -0.835 -0.778 -0.771 
   6:   LgFkg5                0.668  3.155  0.996  0.321 
   7:   LgMdFks               0.138  2.296  0.380  0.222 
   8:   SmFkle5              -0.950 -1.045 -1.181 -0.013 
   9:   SmFkg5                0.976  1.651  0.620 -0.166 
  10:   SmMdFks               0.314  2.450  0.509  0.295 
  11:   WsteFkg2             -0.074 -0.055 -0.138 -0.053 
  12:   GeoMic                1.172  0.643  1.117 -0.149 
  13:   Ret_Use               0.231  2.503  0.143  1.251 
  14:   MSC_Fks              -0.516  0.152 -0.415 -0.153 
  15:   Q_Fks                 0.144  0.187 -0.210  0.127 
  16:   B_FksCob              0.674  0.997 -0.636 -0.465 
  17:   ComplxFk             -0.029  2.542  1.245  1.051 
  18:   ClsterFk             -1.360 -2.031  3.019  3.010 
  19:   SctterFk              0.068 -0.799 -1.585 -1.115 
  20:   Stencils             -1.624  0.131  2.917  3.975 
  21:   Ptgg2                -1.948 -0.796  2.515  3.020 
  22:   Elv_600              -0.331  0.110 -1.189  1.032 
  23:   Elv6_8               -1.062 -0.915  2.229 -4.025 
  24:   Elv_800               1.127 -1.149  2.182 -1.723 
  25:   H2O100               -1.090  0.139 -0.062 -0.261 
  26:   H2O1_5                1.739 -0.973 -0.218  0.558 
  27:   Wells                 0.996 -0.278  1.334 -1.473 
  28:   Ort_NS               -0.645  0.394 -0.043 -1.164 
  29:   Ort_EW                0.319 -0.671 -0.262  0.981 
  30:   AcsOrt               -0.111 -0.325 -0.831 -0.512 
  31:   RdHhPk                2.835 -1.721  0.789  0.243 
  32:   RdElvTFt              2.244 -1.110  0.656  0.058 
  33:   ScndFt                1.393  1.038 -1.643  2.234 
  34:   CliffSpr              1.471 -0.759 -0.421  0.279 
  35:   Slpl20               -0.013 -0.106 -0.720 -0.458 
  36:   Slpg20               -0.586 -0.740  1.510  1.449 
  37:   NatDemAr              1.012 -0.039 -1.010  0.819 
  38:   NatDemFt              0.644 -0.971 -0.577  1.726 
  39:   SubMtAr              -1.034 -0.299  0.129 -0.174 
  40:   Shltr100             -1.509 -0.497  0.845  0.007 
  41:   Shltr1km              1.462  0.235 -1.242 -0.083 
  42:   RckShltr             -1.618 -0.667  1.715  1.177 
  43:   Qry1km               -0.093  0.876 -0.639 -1.427 
  44:   RavRivAr             -1.657 -0.315 -0.061 -0.034 
  45:   LwHth                 1.594 -0.389  3.436 -2.287 
  46:   GrsHth                0.114  0.507 -1.543 -1.587 
  47:   Woodlds              -0.332 -0.234 -0.190  0.191 
  48:   Swamp                -1.336  0.110  2.164 -2.999 
  49:   O_RckFce              2.905 -1.413  3.969 -1.663 
  50:   HwkStne               0.171  0.237  3.262 -2.323 
  51:   NrrbStne              0.094 -0.403  0.689 -1.839 
  52:   Vis                   3.440 -2.004  0.877  0.839 
  53:   180_Vis               1.729 -0.038  0.562 -0.088 
  54:   Cmplx_St              0.165 -0.121 -0.227  0.608 
  55:   Size100m              0.702  0.979 -1.461 -1.150 
  56:   PxMulti              -0.979  0.111  0.253  0.188 
  57:   PxTrTpUn              0.281 -0.825  0.263 -0.139 
  58:   PxEgv                 2.415 -1.814  0.623  0.081 
  59:   PxPtg                -1.152 -0.584 -0.337  1.963 
  60:   Px20AGG               0.290  0.221  1.692 -1.239 
  61:   PxStnArg              1.896 -1.471  0.984  2.799 
 
CA object scores ((plot: site class: (A) – Axe grinding 
groove class; (E) – Engraving class; (M) – Multidim class; 
(P) – Painting class; (T) – Transit class; (U) – Unidim 
class)) 
 
Class codes are used in combination with the following 
activity codes: 
Cortex   
(X) – denotes cortex only present at high relative elevation 
(x) – denotes cortex only present at low relative elevation 
Cores 
(C) – denotes cores only present at high relative elevation 
(c) – denotes cores only present at low relative elevation 
Combined 
(B) – denotes both cores and cortex present at high relative 
elevation 
(b) – denotes both cores and cortex present at low relative 
elevation 
 
   1:   EX                    0.866 -0.171  0.895 -0.270 
   2:   MX                   -0.362 -0.267  0.106 -0.292 
   3:   UX                    0.991 -0.739  1.166 -2.231 
   4:   MX                   -0.403 -0.305 -0.109 -0.129 
   5:   PX                   -0.713 -1.036  1.615 -0.240 
   6:   PX                   -1.578 -0.859  0.834  0.543 
   7:   MX                    0.742 -0.015  0.954 -1.591 
   8:   AX                    1.911 -1.087  1.198 -1.148 
   9:   AX                    2.131 -1.101  1.324 -1.337 
  10:   UX                    1.509 -0.473  0.752 -1.345 
  11:   UX                    1.832 -1.171  0.673 -0.453 
  12:   MX                   -0.488 -0.144 -0.623  0.703 
  13:   MX                   -1.511 -1.130  0.407  0.878 
  14:   UX                    0.063 -0.336 -0.671  0.707 
  15:   Ux                   -1.204 -0.104  1.110 -1.680 
  16:   Ux                   -0.289 -0.038 -0.444 -0.900 
  17:   Mx                   -0.813 -0.422  0.681 -1.147 
  18:   Mx                   -0.954 -0.685 -0.449 -0.378 
  19:   Mx                   -1.299 -0.539 -0.663 -0.984 
  20:   Mx                   -0.413 -0.961 -0.189 -0.852 
  21:   Mx                   -0.113 -0.191  0.757 -0.390 
  22:   Mx                   -0.839 -0.781 -0.376 -0.306 
  23:   Mx                   -1.095 -0.671 -0.486 -0.389 
  24:   Ux                   -0.668 -0.030 -1.705 -1.011 
  25:   Px                   -1.103 -0.636  0.152  0.095 
  26:   Ux                   -0.289  0.213 -0.816 -1.964 
  27:   Px                   -0.948 -0.949  0.912 -0.129 
  28:   Mx                   -0.361  0.263  2.535 -0.715 
  29:   Px                   -0.768 -0.758  1.364 -1.402 
  30:   Mx                   -0.432 -0.993  2.099 -0.643 
  31:   Mx                   -0.686 -1.152  1.799 -0.317 
  32:   Ux                    0.964 -0.448 -1.359  0.297 
  33:   Mx                   -1.433 -0.433  0.765  1.796 
  34:   Mx                   -1.403 -1.063 -0.763  0.017 
  35:   Mx                   -1.645 -0.924 -0.782  0.549 
  36:   Mx                   -1.343 -0.982 -0.629  0.229 
  37:   Mx                   -1.641 -0.913  0.017  0.393 
  38:   Px                   -1.000  0.081  0.162  1.181 
  39:   Mx                   -1.107 -0.871 -0.239  1.049 
  40:   Ux                   -0.437 -0.371 -1.182  0.130 
  41:   Mx                   -1.360 -0.969  0.304  1.709 
  42:   Px                   -1.436 -0.781  0.916  0.819 
  43:   Ux                   -0.524 -0.819 -0.872 -0.710 
  44:   Mx                   -1.032 -1.052  0.382  1.290 
  45:   Ux                   -0.524 -0.819 -0.872 -0.710 
  46:   Mx                   -1.032 -1.052  0.382  1.290 
  47:   Ux                   -0.899 -0.411 -1.297  0.149 
  48:   Mx                   -1.158 -0.408 -0.546  0.562 
  49:   Mx                   -0.994 -0.855 -0.406  1.067 
  50:   Px                   -1.610 -0.741  0.475  1.798 
  51:   Ux                   -1.106 -0.784 -0.643 -0.140 
  52:   MC                   -0.939 -0.803 -0.262 -1.872 
  53:   UC                    1.164 -0.770  1.122 -1.921 
  54:   MC                    0.294  0.753  1.871 -1.048 
  55:   UC                    0.590 -0.907 -2.092  0.751 
  56:   Uc                   -0.902 -0.064 -0.089 -2.603 
  57:   Uc                   -0.720  0.091 -0.439 -2.524 
  58:   Uc                   -0.720  0.091 -0.439 -2.524 
  59:   Mc                   -1.047 -0.855 -0.538  0.824 
  60:   Mc                   -1.435 -0.933  0.891  1.182 
  61:   Mc                   -1.435 -0.933  0.891  1.182 
  62:   MB                   -0.939 -0.803 -0.262 -1.872 
  63:   MB                   -0.936 -0.881 -0.196 -1.967 
  64:   MB                    0.022  1.558  2.043 -0.162 
  65:   MB                    1.031  0.533  1.099 -0.652 
  66:   MB                    1.326  0.274  0.978 -1.159 
  67:   MB                    0.200  1.022  2.353 -0.940 
  68:   UB                   -0.165 -0.204 -0.454 -1.743 
  69:   MB                    0.547  1.741 -0.879 -0.653 
  70:   MB                    1.160  1.203  0.081  0.003 
  71:   PB                   -0.286 -0.944  1.920  2.747 
  72:   MB                    0.237  0.478 -1.249 -0.768 
  73:   PB                   -0.364 -0.819  1.198  0.148 
  74:   MB                   -0.209  0.697  0.160 -1.658 
  75:   UB                   -0.592 -0.815 -0.893 -1.580 
  76:   UB                    0.746 -0.735 -0.538 -0.125 
  77:   UB                    0.729  0.791 -0.790  0.394 
  78:   UB                    1.522 -1.220 -1.213 -0.049 
  79:   MB                    0.084  1.856 -0.100  0.633 
  80:   MB                    1.750  1.008  0.549  0.282 
  81:   MB                   -0.383  0.509  1.031  0.259 
  82:   MB                    0.466  2.471 -0.249  0.674 
  83:   MB                    0.466  2.471 -0.249  0.674 
  84:   MB                    0.570  2.384 -0.096  0.966 
  85:   MB                    0.466  2.471 -0.249  0.674 
  86:   MB                    0.487  2.362 -0.365  0.698 
  87:   UB                    0.517  0.323 -0.982 -0.279 
  88:   MB                    0.446  1.724 -0.773  0.657 
  89:   MB                   -0.365  1.204  1.171  0.033 
  90:   MB                    0.430  0.173 -0.979  0.189 
  91:   UB                   -0.321 -0.697 -1.667 -0.131 
  92:   UB                    0.097 -0.459 -2.385 -0.587 
  93:   Ub                   -0.577  0.920 -0.490 -1.208 
  94:   Mb                    0.073  1.529  1.016 -0.159 
  95:   Pb                   -0.503  1.757  0.757  1.077 
  96:   Mb                    0.071  1.251 -0.344 -0.079 
  97:   Mb                    0.276 -0.040 -0.982 -0.669 
  98:   Ub                   -0.942  0.869  0.758 -0.318 
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  99:   Pb                   -1.064 -0.772  0.862  0.957 
 100:   Mb                   -0.789 -0.878  0.445  1.191 
 101:   Ub                   -0.427 -0.668 -0.946 -0.076 
 102:   Mb                   -0.621 -0.381  0.097 -0.698 
 103:   Mb                   -0.223  1.111  1.691 -0.681 
 104:   Ub                   -1.347 -0.333 -0.960 -1.548 
 105:   Ub                   -1.222  0.363 -0.247 -1.080 
 106:   Mb                    0.033  0.864 -0.053 -0.168 
 107:   Mb                   -0.423  1.748  0.979  0.315 
 108:   Mb                    0.299  1.565 -1.104 -0.167 
 109:   Mb                   -0.396 -0.024 -0.987 -0.244 
 110:   Mb                    1.037  0.706  0.664 -0.271 
 111:   Ub                    0.441  2.148 -0.645 -0.408 
 112:   Ub                   -1.347 -0.333 -0.960 -1.548 
 113:   Mb                    0.022  2.054 -0.210  0.480 
 114:   Ub                   -0.632  0.261 -1.034 -0.916 
 115:   Mb                   -0.598  0.448 -1.084 -0.818 
 116:   Pb                   -0.966  0.652  0.705  0.857 
 117:   Ub                   -1.089 -0.547 -1.171  0.318 
 118:   Pb                   -0.433  0.790  0.621  2.293 
 119:   Pb                   -0.400  1.042  0.950  2.104 
 120:   Pb                   -1.453 -0.581  0.288  0.936 
 121:   Pb                   -0.898 -0.717  1.157  0.775 
 122:   Mb                   -0.292  0.755 -1.226 -1.103 
 123:   Mb                   -0.454  0.664 -1.024 -0.874 
 124:   Mb                    0.117  2.277 -0.231  1.072 
 125:   Pb                   -1.430 -0.713  0.596  2.005 
 126:   Pb                   -1.529 -0.204  0.412  1.101 
 127:   Mb                   -0.972  0.808  0.200  0.848 
 128:   Mb                   -0.789  0.864  0.377  0.795 
 129:   Ub                   -0.065  1.099 -0.750 -0.091 
 130:   Ub                   -0.891 -0.297 -1.587 -0.436 
 131:   Mb                   -0.119  1.442  0.256 -0.010 
 132:   Ub                   -1.303 -0.770  0.423 -0.723 
 133:   T                     1.498 -0.555 -1.108  0.426 
 134:   T                     1.217 -1.391 -0.008 -0.330 
 135:   T                     2.402 -1.630  1.342 -0.165 
 136:   T                     2.370 -2.072  2.415  0.320 
 137:   T                     2.483 -1.938  2.482  0.610 
 138:   T                     1.237 -0.440  0.662  0.514 
 139:   T                     1.521 -0.573  0.972  0.376 
 140:   T                     1.769 -0.773 -0.921  0.542 
 141:   T                     0.819 -0.168 -0.681 -0.084 
 142:   T                     0.819 -0.168 -0.681 -0.084 
 143:   T                     1.087 -0.719 -0.910 -0.304 
 144:   T                     1.188 -0.410 -1.012  0.111 
 145:   T                     0.829 -0.670 -0.892  0.099 
 146:   T                     0.150  0.542  0.166  1.727 
 147:   T                     1.906 -1.073 -0.467  1.446 
 148:   T                     1.885 -1.192 -0.639  1.533 
 149:   T                     1.906 -1.073 -0.467  1.446 
 150:   T                     0.550 -1.241 -0.832  0.869 
 151:   T                     0.920 -0.005 -1.070  0.262 
 152:   T                     1.265 -0.288 -0.844  0.435 
 153:   T                     1.265 -0.288 -0.844  0.435 
 154:   T                     0.074  0.532 -1.373 -0.105 
 155:   T                     0.240 -0.121 -2.436 -0.296 
 156:   T                     0.154  0.860 -0.476  0.819 
 157:   T                     0.257  0.262 -1.238  0.070 
 158:   T                     1.906 -1.073 -0.467  1.446 
 159:   T                     1.885 -1.192 -0.639  1.533 
 160:   T                     0.870 -0.327 -1.241  0.630 
 161:   T                     1.029 -0.640 -1.099  0.848 
 162:   T                     0.735 -0.562 -1.364  0.269 
 163:   T                    -1.017 -0.378 -0.293  0.354 
 164:   T                     0.230 -1.124 -1.512  1.243 
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3.3.2  Lithic Assemblage Diversity Analysis (D)MCA Points, Tools and Geometric Microliths 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\TOOLS.DAT 
 
Actual sum of CA eigenvalues: 1.32909 
 
Eigenvalues times 100 
                             18.215 13.416  9.455  8.149 
% 
                             13.705 10.094  7.114  6.131 
 
CUM % 
                             13.705 23.799 30.912 37.043 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   Axes                 -0.413 -1.237 -0.727  2.509 
   2:   Cores                -0.421 -1.599  0.758 -0.501 
   3:   Cortex               -0.800 -0.582  0.286 -0.416 
   4:   LgFkle5              -1.208  1.532 -0.689 -0.952 
   5:   LgFkg5               -0.108 -2.744  1.606  0.121 
   6:   LgMdFks              -0.270 -1.625  0.653 -0.048 
   7:   SmFkle5              -0.575  1.598 -1.250 -0.779 
   8:   SmFkg5                0.705 -1.991  1.072  0.318 
   9:   SmMdFks              -0.110 -1.335  0.586 -0.044 
  10:   WsteFkg2             -0.036  0.001 -0.301 -0.046 
  11:   Ret_Use              -0.405 -0.957  0.457  0.850 
  12:   MSC_Fks              -0.515 -0.045 -0.037 -0.364 
  13:   Q_Fks                 0.075  0.012 -0.171 -0.151 
  14:   B_FksCob              0.071 -0.801 -1.052  0.356 
  15:   ComplxFk             -0.261 -1.215  1.479  1.608 
  16:   SctterFk              0.122  0.831 -1.604 -1.923 
  17:   Ptgg2                -2.412  1.580  1.621  4.231 
  18:   Elv_600              -0.311 -0.202 -1.363  0.229 
  19:   Elv_800               0.680  1.451  3.430 -1.264 
  20:   HhReElv               1.525 -0.119  0.132 -0.076 
  21:   H2O100               -1.006  0.195 -0.279 -0.075 
  22:   H2O1_5                1.971  0.208 -0.255 -0.195 
  23:   Ort_NS               -0.332 -0.395 -0.294 -0.772 
  24:   Ort_EW                0.178  0.677 -0.111  0.500 
  25:   AcsOrt               -0.361  0.311 -1.141 -0.577 
  26:   RdHhPk                4.127  1.302  0.964  1.606 
  27:   RdElvTFt              2.297  0.935  0.303  0.298 
  28:   ScndFt                1.430 -1.952 -1.191  2.319 
  29:   CliffSpr              2.037  0.725  0.424 -1.087 
  30:   Slpl20               -0.159  0.126 -0.758  0.104 
  31:   Slpg20                0.136  0.735  2.173 -0.830 
  32:   NatDemAr              1.052 -0.600 -1.003  0.498 
  33:   NatDemFt              0.906  1.009  0.296  2.847 
  34:   SubMtAr              -1.041  0.553 -0.213  0.332 
  35:   Shltr100             -1.382  1.331  1.214  1.020 
  36:   Shltr1km              0.976 -0.814 -1.652 -1.101 
  37:   RckShltr             -1.654  1.803  1.505  1.319 
  38:   Qry1km               -0.279 -2.680 -0.740 -0.304 
  39:   RavRivAr             -1.732 -0.119 -0.494 -0.508 
  40:   LwHth                 1.810  0.887  3.802 -4.253 
  41:   GrsHth                0.015 -1.320 -0.120  0.969 
  42:   Woodlds              -0.424  0.335 -0.741  0.357 
  43:   Swamp                -1.050  0.999  3.449 -3.135 
  44:   HwkStne              -0.104  1.259  3.827  0.820 
  45:   NrrbStne             -0.120  1.277  0.688 -1.691 
  46:   Vis                   3.893  1.523  0.796  1.274 
  47:   180_Vis               1.745 -0.710  0.675 -1.241 
  48:   AccSub               -0.204  0.325 -0.385 -0.034 
  49:   NoAccSub              2.770 -1.861  2.182 -2.259 
  50:   Cmplx_St              0.282 -0.085  0.190  0.436 
  51:   Size100m              0.488 -1.073 -0.775 -1.639 
  52:   PxMulti              -1.025  0.196  0.456  0.467 
  53:   PxTrTpUn              0.838  0.683 -0.158  0.082 
  54:   PxEgv                 2.304  2.187 -0.874  1.095 
  55:   PxPtg                -0.612  0.556  0.001  0.831 
  56:   Px20AGG              -0.575  0.272  0.821 -0.068 
  57:   PxStnArg              2.269  1.719 -0.981  3.905 
 
CA object scores ((plot: site class: (A) – Axe grinding 
groove class; (E) – Engraving class; (M) – Multidim class; 
(P) – Painting class; (T) – Transit class; (U) – Unidim class 
 
Class codes are used in combination with the following 
activity codes: 
Points   
(p) – denotes point assemblage <=5 
(P) – denotes point assemblage >5 
Tools 
(t) – denotes miscellaneous tool assemblage <=5 
(T) – denotes miscellaneous tool assemblage >5 
Geometrics 
(g) – denotes geometric microliths assemblage in association 
with points or tools 
(G) – denotes geometric microliths assemblage in isolation 
from points or tools 
 
   1:   Aptg                  2.206  1.564  1.222 -1.094 
   2:   Mpt                   0.975  0.974  1.140  0.697 
   3:   MpTg                 -0.653 -0.439  1.729  1.739 
   4:   Mpt                  -1.123  1.717  0.473 -0.503 
   5:   Mpg                  -0.579  1.298 -0.545 -0.177 
   6:   Mptg                  1.005 -0.673  1.307  0.354 
   7:   Mptg                  1.372 -0.407  1.216 -0.013 
   8:   Mpg                  -0.547  1.319 -0.680 -0.173 
   9:   Mptg                 -0.304 -0.786 -0.552 -0.560 
  10:   Mpt                   0.562 -0.035 -0.677 -2.053 
  11:   MpTg                  0.145  0.459  2.285 -1.532 
  12:   Mptg                  0.053  0.020  2.953 -0.953 
  13:   Mpt                  -0.888  0.881  0.317 -0.745 
  14:   Mptg                 -0.445 -0.212  2.166 -0.621 
  15:   MpT                  -1.012 -0.431  1.099  0.543 
  16:   Mpt                  -0.039 -1.719 -0.908  0.112 
  17:   Mp                   -0.160  1.291 -0.136 -0.402 
  18:   Mpt                   0.192 -0.028 -1.251 -1.513 
  19:   Mpt                  -0.356 -0.239  0.721 -1.702 
  20:   Tp                    0.550 -0.349 -0.582  1.231 
  21:   MpTg                 -0.389 -1.026  0.087  1.165 
  22:   Tpt                  -0.764  0.710 -1.415 -1.248 
  23:   Ppt                  -1.293  0.406  0.442  1.370 
  24:   Mptg                 -0.120  0.445 -0.718  2.090 
  25:   Mpt                  -0.265  0.550 -0.569  1.867 
  26:   Mpt                  -0.310  0.639 -0.530  1.515 
  27:   Tpt                   1.282  0.372 -1.307 -0.358 
  28:   MpT                   0.106 -2.023 -0.202  0.336 
  29:   MpT                   0.106 -2.023 -0.202  0.336 
  30:   MpT                   0.319 -1.739 -0.061  0.299 
  31:   MpT                   0.106 -2.023 -0.202  0.336 
  32:   Tpt                   0.289 -0.105 -0.259 -0.658 
  33:   Ppt                  -1.165  0.599 -0.386  1.364 
  34:   Mp                    1.184  0.515 -0.105  1.666 
  35:   Mp                   -1.375  0.086  0.225  0.689 
  36:   Mpg                  -1.357  0.124  0.214  0.690 
  37:   Tp                   -1.001  1.350 -0.580  0.198 
  38:   Mptg                 -0.623 -1.028  0.385 -0.314 
  39:   MPt                  -0.353 -0.454  1.785 -0.084 
  40:   PPT                  -0.903 -0.891  0.629  1.132 
  41:   MPTg                  0.045 -1.538 -0.658 -0.951 
  42:   MPTg                  1.651 -1.172  0.658  0.323 
  43:   PPT                  -0.686  0.018  0.137  2.018 
  44:   MPT                   0.183 -1.525 -0.397  0.534 
  45:   Ut                   -0.886 -0.953 -0.177 -0.387 
  46:   Tt                    0.596  1.271  1.526 -1.989 
  47:   Mt                   -1.081  1.568 -1.008  0.021 
  48:   Mt                   -1.516  1.474 -0.881 -0.773 
  49:   Mt                   -0.287  1.687 -0.206 -0.459 
  50:   Mt                   -1.259  1.336 -0.802 -0.368 
  51:   Ut                   -0.868 -0.144 -1.843 -0.782 
  52:   Pt                   -1.353  1.612  0.107  0.555 
  53:   Tt                   -0.082 -0.157 -0.824 -0.267 
  54:   Pt                   -1.212  1.110  0.683  1.000 
  55:   Mt                   -0.290 -0.811  0.383  0.025 
  56:   Ut                   -0.260  0.367  0.010 -1.955 
  57:   Mt                   -0.564 -1.523 -0.015  0.225 
  58:   Pt                   -0.040  1.109  0.890 -0.077 
  59:   Tt                   -0.354  0.059 -1.787 -1.044 
  60:   Ut                   -0.953 -0.230 -1.115 -0.722 
  61:   Mt                   -0.952 -0.347 -1.162 -0.368 
  62:   Pt                   -1.966  1.692  0.241  1.766 
  63:   Mt                   -1.509  1.101  0.401  0.698 
  64:   Ut                    0.855  0.476 -0.427 -1.159 
  65:   Ut                    0.617 -0.670 -0.186  0.355 
  66:   Mt                   -0.427  0.342  1.450  0.154 
  67:   Ut                    0.404 -0.607 -0.910 -0.488 
  68:   Mtg                  -0.660 -0.350  1.275  0.403 
  69:   Tt                   -0.470  0.768 -0.289 -1.031 
  70:   Mt                   -0.629 -0.439 -1.087 -0.491 
  71:   Mt                   -0.800 -0.302 -1.138 -0.707 
  72:   Mt                    0.345 -0.127 -0.656 -0.490 
  73:   MT                    1.076 -0.375  0.987 -1.544 
  74:   MT                    1.324 -1.128  0.849 -1.848 
  75:   UT                   -0.079 -1.885 -0.445 -1.034 
  76:   MT                    0.106 -2.023 -0.202  0.336 
  77:   MT                   -0.503 -1.533 -0.162  0.696 
  78:   UG                   -1.362  1.365  1.265 -0.823 
  79:   UG                   -0.722  0.438 -0.859 -1.126 
  80:   TG                   -0.147  0.824 -0.866 -0.384 
  81:   TG                    3.210  1.596  0.957  0.494 
  82:   TG                    1.543  0.793  0.451  0.441 
  83:   TG                    1.881  0.946  0.686  0.368 
  84:   TG                    0.797  0.467 -1.110 -0.788 
  85:   TG                    0.797  0.467 -1.110 -0.788 
  86:   TG                    1.265  0.872 -1.494 -1.170 
  87:   TG                    1.356  0.449 -1.898  0.106 
  88:   TG                    2.422  0.840 -1.028  1.691 
  89:   TG                    2.422  0.840 -1.028  1.691 
  90:   TG                    2.422  0.840 -1.028  1.691 
  91:   UG                   -0.622 -0.971 -0.413 -0.011 
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3.4  Grinding Groove Analysis Eigenvalues 
3.4.1  Grinding Groove Analysis (D)MCA 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
 
Actual sum of CA eigenvalues: 1.61911 
 
Eigenvalues times 100   29.727 13.411 10.737  9.762 
 
%                             18.360  8.283  6.631  6.029 
 
CUM %                         18.360 26.643 33.274 39.303 
 
CA variable scores            CAx 1  CAx 2  CAx 3  CAx 4   
   1:   B_FksCob              1.612  2.631 -0.423  2.372 
   2:   AGGle5               -0.638 -0.979  0.562 -0.988 
   3:   AGGl5g20             -0.376  1.031 -0.575 -0.920 
   4:   AGGge20               0.554 -0.116 -0.057  3.821 
   5:   Egvg2                 0.997 -2.816  1.261  0.621 
   6:   Egvm2m2m              0.872 -3.511  0.509 -0.528 
   7:   Elv_600              -1.414 -0.959 -0.216  0.551 
   8:   Elv6_8                0.115  1.005  0.980 -1.840 
   9:   Elv_800               1.433  1.490 -0.250 -0.177 
  10:   H2O100               -2.012  0.568 -0.525  0.038 
  11:   H2O1_5                0.903 -0.242  0.177  0.104 
  12:   Wells                 0.058 -0.612 -0.695  2.541 
  13:   Ort_NS               -0.538 -0.770  1.208  0.343 
  14:   Ort_EW               -0.130  0.612 -0.830 -0.196 
  15:   AcsOrt               -0.262 -0.048 -0.614 -0.628 
  16:   RdHhPk                1.307  0.285  0.565 -0.964 
  17:   RdElvTFt              1.074 -0.693  0.128 -0.044 
  18:   ScndFt                0.655 -3.000  0.801 -0.524 
  19:   CliffSpr              0.803 -0.360  0.008  0.476 
  20:   Slpl20                0.037  0.697  0.850 -0.736 
  21:   Slpg20               -0.952 -1.332 -1.855  1.504 
  22:   NatDemAr              0.156 -0.902 -0.330 -0.110 
  23:   NatDemFt              0.603 -0.665  0.707 -1.467 
  24:   SubMtAr              -1.659  0.129 -0.318  0.111 
  25:   Shltr100             -1.731  2.042  4.507  1.192 
  26:   Shltr1km             -0.429 -0.880 -1.293 -1.086 
  27:   RckShltr             -2.017  2.017  6.478  1.819 
  28:   Qry1km                1.538  2.341 -0.589  2.824 
  29:   RavRivAr             -2.596  0.830 -1.662 -0.840 
  30:   LwHth                 1.276  1.356 -0.939 -0.113 
  31:   GrsHth                0.476 -1.155  1.355 -0.691 
  32:   Woodlds              -0.975  0.099 -0.040 -0.360 
  33:   Swamp                -2.752  2.726 -0.749 -2.752 
  34:   O_RckFce              0.401  0.016 -0.699  0.252 
  35:   HwkStne              -0.159  0.184 -0.467 -0.023 
  36:   NrrbStne              0.643  1.268  0.834 -1.505 
  37:   Vis1000               1.665  1.057 -0.061 -1.225 
  38:   Vis6_1k               1.396  0.037  0.632 -0.728 
  39:   Vis600                1.354 -0.027 -0.063 -0.122 
  40:   180_Vis               1.256  0.274 -0.181 -0.481 
  41:   NoAccSub              1.988  2.417 -1.026  3.996 
  42:   Cmplx_St             -0.100 -0.100  0.213  0.252 
  43:   Size100m             -0.029 -0.063 -0.768  1.252 
  44:   PxMulti              -1.564  1.093  0.182 -0.537 
  45:   PxTrTpUn              0.551 -0.200  0.119 -0.005 
  46:   PxEgv                 0.422 -2.211  1.516  0.321 
  47:   PxPtg                -2.024 -0.766  0.177  1.068 
  48:   Px20AGG               0.012  0.446 -0.192  1.159 
  49:   PxStnArg             -0.338 -3.839  1.895  1.279 
 
CA object scores (plot: relative elevation, grind set 
structure) 
 
High Relative Elevation (HRE) 
(HL-) HRE, Linear, <15mm; (HL+) HRE, Linear, >15mm;   
(HC-) HRE, Cluster, <15mm; (HC+) HRE, Cluster, >15mm 
 
Low Relative Elevation (LRE) 
(LL-) LRE, Linear, <15mm; (LL+) LRE, Linear, >15mm;  
(LC-) LRE, Cluster, <15mm; (LC+) LRE, Cluster, >15mm 
 
Combination Structure (Line/Cluster) 
(HB-) HRE,  Line/Cluster, <15mm; (HB+) HRE; Line/Cluster, 
>15mm; 
(LB-) LRE, Line/Cluster, <15mm; (LB+) LRE, Line/Cluster, 
>15mm. 
 
   1:   HL-                   1.241  0.516  0.162 -1.291 
   2:   HL-                   0.167  0.137  1.436  0.201 
   3:   HL-                   0.211 -0.139  0.336  0.769 
   4:   HL-                   0.357 -1.083  0.372 -0.972 
   5:   HL-                   1.052  0.271  0.028 -1.478 
   6:   HL-                   0.836 -0.196  0.431 -1.289 
   7:   HL-                   0.746 -0.164  0.042 -0.915 
   8:   HL-                   0.982  0.472 -0.200  0.213 
   9:   HL-                   1.180  0.372  0.290  0.283 
  10:   HL-                  -0.049 -0.078  0.136 -1.017 
  11:   HL-                   0.922  1.249 -0.924  1.651 
  12:   HL-                   1.025  1.545 -0.941  1.949 
  13:   HL-                   0.651 -0.026 -0.799  0.917 
  14:   HL-                   0.687 -0.017 -0.719  0.754 
  15:   HL-                   0.539 -0.083 -0.887  0.810 
  16:   HL-                   0.627 -0.272 -0.865  1.955 
  17:   HL-                   0.507 -0.448 -0.656  0.796 
  18:   HL-                   0.137 -1.828  1.037 -0.847 
  19:   HL-                   0.103 -1.607  0.847 -0.948 
  20:   HL-                   0.215 -1.894  0.828 -0.694 
  21:   HL-                   0.137 -1.828  1.037 -0.847 
  22:   HL-                  -0.067 -0.806  0.522 -1.058 
  23:   HL-                  -0.343 -1.608  0.066 -0.430 
  24:   HL-                   0.466 -1.627  0.411  0.276 
  25:   HL-                   0.471 -1.457  0.366  0.411 
  26:   HL-                   0.376 -1.559  0.449 -0.258 
  27:   HL-                   0.106 -0.854  1.462 -0.080 
  28:   HL-                   0.097 -0.431 -0.619  1.526 
  29:   HL+                   0.772 -0.061 -0.038  0.624 
  30:   HL+                   1.028  0.084  0.376 -1.136 
  31:   HL+                   0.740  0.579 -0.486  0.256 
  32:   HL+                   0.975  0.570 -0.194  1.436 
  33:   HL+                   0.033  2.239  0.086 -0.482 
  34:   HL+                   1.138 -1.411  0.930 -0.972 
  35:   HL+                   1.169  1.188 -0.350 -0.088 
  36:   HL+                   1.324  1.282 -0.343  1.015 
  37:   HL+                   1.407  1.800 -0.461  0.537 
  38:   HL+                   1.407  1.800 -0.461  0.537 
  39:   HL+                   1.407  1.800 -0.461  0.537 
  40:   HL+                   1.485  1.658 -0.389  1.226 
  41:   LL-                  -2.008  0.897  3.758  1.005 
  42:   LL-                  -0.366 -1.484 -0.800  1.498 
  43:   LL+                  -1.683  0.138 -1.763 -0.950 
  44:   LL+                  -1.555  0.217 -1.383 -0.057 
  45:   LL+                  -1.124  0.445 -1.287  1.073 
  46:   HC-                   1.057  0.776 -0.578 -0.894 
  47:   HC-                  -0.462  0.915  1.818  0.518 
  48:   HC-                  -0.123 -0.021 -0.858  1.739 
  49:   HC-                  -0.105 -0.053 -0.560 -1.035 
  50:   HC-                   0.966 -0.380  0.933 -1.300 
  51:   HC-                   0.903 -0.671  0.601 -1.158 
  52:   HC-                   0.781 -0.655  0.217 -1.070 
  53:   HC-                   0.501  0.951 -0.507 -1.272 
  54:   HC-                   0.549  0.181 -0.179 -0.163 
  55:   HC-                  -0.197 -0.303 -1.329 -0.098 
  56:   HC-                   0.534 -1.490  0.001 -0.445 
  57:   HC-                  -0.780  1.089  3.291  0.095 
  58:   HC-                   0.900 -0.602  0.335  0.817 
  59:   HC+                  -0.659 -0.159 -0.623  0.105 
  60:   HC+                   1.264  1.545 -0.882  2.149 
  61:   HC+                  -0.900  1.007  2.296  1.364 
  62:   HC+                  -0.509  1.521  2.933 -0.814 
  63:   HC+                   0.669  0.279 -0.100  0.652 
  64:   HC+                   0.087 -0.692 -1.551  0.455 
  65:   HC+                   0.837  0.696 -0.330 -0.540 
  66:   HC+                   0.767 -0.265 -0.103 -0.950 
  67:   HC+                  -0.349 -2.026 -0.006  0.877 
  69:   HC+                  -0.337 -2.108 -0.137  0.785 
  70:   HC+                  -0.372 -2.287  0.159  0.867 
  71:   HC+                  -0.372 -2.287  0.159  0.867 
  72:   HC+                   0.445 -1.035 -0.035 -0.377 
  73:   HC+                   0.804 -1.675  0.140  0.605 
  74:   HC+                  -1.661  0.362  1.373  0.815 
  75:   HC+                  -0.874 -0.215 -1.352  1.834 
  76:   HC+                   0.104 -1.461 -0.652  2.443 
  77:   LC-                   0.683 -0.210 -0.182 -0.719 
  78:   LC-                  -0.150  0.143 -0.838 -0.460 
  79:   LC-                  -1.456  0.115 -1.845 -0.346 
  80:   LC-                  -1.376  0.188 -1.934 -0.166 
  81:   LC-                  -1.632 -0.362 -0.777  0.038 
  82:   LC-                  -1.640  0.092 -0.387  0.740 
  83:   LC-                  -1.643  0.683 -1.244 -1.079 
  84:   LC+                  -1.434  0.263 -0.311 -1.681 
  85:   LC+                  -1.190  1.285  2.450  0.999 
  86:   LC+                  -1.390  0.820  2.336  0.348 
  87:   LC+                  -1.766  1.681  1.616 -0.457 
  88:   LC+                  -1.772  0.559 -1.065 -1.560 
  89:   LC+                  -1.772  0.559 -1.065 -1.560 
  90:   LC+                  -1.261 -0.223  2.463  2.097 
  91:   LC+                  -1.793  0.900  0.172 -0.534 
  92:   LC+                  -0.909  0.848 -0.664 -1.650 
  93:   LC+                  -1.003  1.065 -0.715 -1.941 
  94:   LC+                  -0.970  0.027 -1.570 -0.305 
  95:   LC+                  -0.345  0.728 -0.252 -0.731 
  96:   LC+                  -1.799  1.187  0.213 -0.908 
  97:   LC+                  -1.398 -0.039 -1.882  0.551 
  98:   LC+                  -1.539  0.753 -1.050 -1.049 
  99:   LC+                  -0.690 -1.089 -0.587 -0.114 
 100:   LC+                  -1.149  0.152 -0.700 -0.035 
 101:   LC+                  -1.786  0.842  2.214  1.439 
 102:   LC+                  -1.033 -0.305 -0.663  0.961 
 103:   LC+                  -1.717  0.657  1.824 -0.043 
 104:   LC+                  -1.364  0.205 -1.315  0.199 
 105:   LC+                  -1.763  1.138  1.084  0.897 
 106:   LC+                  -1.658  0.303 -0.851 -0.344 
 107:   LC+                  -1.216  0.101 -1.161 -0.629 
 108:   LC+                  -1.618 -0.759 -1.350 -0.084 
 109:   LC+                  -1.790 -0.347 -1.510 -0.072 
 110:   LC+                  -1.355 -0.088 -0.999  0.083 
 111:   LC+                  -1.122 -0.240 -1.195  1.585 
 112:   LC+                  -1.660  0.693 -0.345 -0.100 
 113:   LC+                  -1.624 -0.260  0.471  0.202 
 114:   LC+                  -2.421  0.986  0.883 -0.572 
 115:   HB-                   0.914  0.397 -0.636  0.329 
 116:   HB-                   0.550  1.210 -0.445 -1.698 
 117:   HB-                   0.069 -1.448  0.307 -0.509 
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 118:   HB-                   1.101 -1.076  0.411  1.270 
 119:   LB-                  -2.008  0.897  3.758  1.005 
 120:   LB-                  -0.366 -1.484 -0.800  1.498 
 121:   HB+                   0.661  0.137  1.787  0.317 
 122:   HB+                   0.187  0.365  1.292  0.210 
 123:   HB+                   0.838  0.577  0.787  1.093 
 124:   HB+                  -0.091  0.808  0.102  0.014 
 125:   HB+                  -0.041  0.897  0.306  0.453 
 126:   HB+                   1.365  1.487 -0.741  2.529 
 127:   HB+                   0.697  0.340  0.282 -1.363 
 128:   HB+                   0.636  0.449  0.280 -1.425 
 129:   HB+                   0.855  0.337 -0.048 -1.237 
 130:   HB+                   0.753  0.263 -0.217 -0.801 
 131:   HB+                   0.855  0.337 -0.048 -1.237 
 132:   HB+                   0.601  0.015 -0.325 -0.848 
 133:   HB+                   0.880  0.723 -0.277 -1.295 
 134:   HB+                   0.869 -0.003  0.050 -1.252 
 135:   HB+                   0.168  0.914  0.473 -1.562 
 136:   HB+                   0.147 -0.096 -0.660  0.364 
 137:   HB+                   0.666 -1.389  0.342 -0.802 
 138:   HB+                   0.259 -0.320 -0.182 -1.230 
 139:   LB-                  -1.683  0.138 -1.763 -0.950 
 140:   LB-                  -1.555  0.217 -1.383 -0.057 
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3.5  Rock-Art Analysis Eigenvalues 
3.5.1  Rock-Art Analysis (D)MCA 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\ART.DAT 
 
Actual sum of CA eigenvalues: 1.94708 
 
Eigenvalues times 100 
                             42.364 18.265 11.552  9.564 
% 
                             21.758  9.381  5.933  4.912 
CUM % 
                             21.758 31.139 37.072 41.984 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   StnTools             -1.274  3.433 -0.074  1.424 
   2:   Cores                -1.402  3.146 -0.666  2.136 
   3:   Cortex               -1.285  2.515 -0.368  0.375 
   4:   LgFk                 -1.347  2.442 -0.061  0.586 
   5:   MdFks                -0.894  3.739 -0.615  1.911 
   6:   SmFkle5              -1.281  1.722  0.123 -0.188 
   7:   WsteFkg2             -1.203  1.908 -0.735 -0.001 
   8:   MSC_Fks              -1.119  1.740 -0.277 -0.346 
   9:   Q_Fks                -1.127  2.061 -0.811  0.505 
  10:   BS/Ochre             -1.204  1.333 -0.922  2.237 
  11:   AGGle5                1.998 -0.308  0.587  1.586 
  12:   AGG>l5                1.665  1.460  2.404 -1.438 
  13:   AGline                2.163  0.323  0.290  1.158 
  14:   AGclustr              1.628  1.019  2.269 -1.550 
  15:   AGdple15              2.053 -0.429  0.291  2.508 
  16:   AGdpg15               1.544  1.485  2.705 -1.391 
  17:   Elv_600              -0.502 -1.071  0.265  0.818 
  18:   Elv6_8                0.986  1.788  2.455 -1.458 
  19:   Elv_800               0.761  1.425 -1.898 -3.908 
  20:   HhReElv               1.022 -0.231 -1.150 -0.381 
  21:   H2O100               -0.982 -0.539  1.171  0.069 
  22:   H2O1_5                1.070 -0.356 -1.493 -0.409 
  23:   Wells                 1.665  1.416  2.689 -1.298 
  24:   Ort_NS               -0.262 -0.605 -1.603  0.139 
  25:   Ort_EW               -0.115 -0.312  1.517 -0.291 
  26:   AcsOrt               -0.319 -0.751  0.613 -0.222 
  27:   RdHhPk                1.535  0.725 -1.218 -1.669 
  28:   RdElvTFt              1.277 -0.279 -1.366  0.224 
  29:   ScndFt                1.067  0.101 -1.578  1.269 
  30:   CliffSpr              1.144 -0.322 -1.317 -0.474 
  31:   Slpl20               -0.200 -0.108  1.015  0.244 
  32:   Slpg20               -0.137 -1.208 -1.903 -0.884 
  33:   NatDemAr              0.570 -0.547 -0.580  0.368 
  34:   NatDemFt              0.627  0.447 -1.035  0.715 
  35:   SubMtAr              -0.981 -0.801  0.561  0.008 
  36:   Shltr100             -0.801 -0.522 -0.138 -0.741 
  37:   Shltr1km              1.727 -0.625  0.957  2.568 
  38:   RckShltr             -0.943 -0.614 -0.120 -0.630 
  39:   Qry1km                0.550  1.054  1.008 -2.535 
  40:   RavRivAr             -1.241 -0.815  0.998  0.306 
  41:   LwHth                 0.729  0.114 -0.571 -3.058 
  42:   GrsHth                1.352  1.422  1.077 -0.531 
  43:   Woodlds              -0.525 -0.734 -0.058  0.144 
  44:   O_RckFce              1.821  0.176  1.340  1.323 
  45:   HwkStne               1.100 -0.119  0.715  0.604 
  46:   NrrbStne             -0.164 -0.334 -0.754 -1.592 
  47:   Vis1000               1.942  1.374  0.484 -3.023 
  48:   Vis6_1k               2.157 -0.063 -0.164  1.676 
  49:   180_Vis               1.622  0.471 -0.619 -0.667 
  50:   Cmplx_St             -0.140 -0.451  0.455  0.314 
  51:   Size100m              1.859  1.100  1.461  0.563 
  52:   PxMulti              -0.669 -0.309  0.653 -0.700 
  53:   PxTrTpUn              0.374  0.326 -0.156  0.446 
  54:   PxEgv                 1.603  0.020  0.666  1.153 
  55:   PxPtg                -0.912 -1.112 -0.729 -0.079 
  56:   Px20AGG               0.394  0.294 -0.489 -0.492 
  57:   PxStnArg             -0.192  0.077 -2.506  3.271 
 
CA object scores (twin plots: 1. prime variable; 2. general 
motif structure) 
 
Engravings 
(E) >2n, homogeneous motifs;  
(e) >2n, heterogeneous motifs;  
(ex) <2n, motif structure indeterminate;  
(Ev) >2n, homogeneous motifs vertical position inside rock 
shelter 
 
Paintings/Drawings  
(P) >2n, homogeneous motifs; 
(p) >2n, heterogeneous motifs; 
(px) <2n, motif structure indeterminate 
 
Stencils 
(S) >2n, stencils only,  
 
Stencil and Paintings/Drawings 
(SP) >2n, stencils and other homogeneous motifs;  
(sp) >2n, stencils and other heterogeneous motifs;  
(spx)  <2n, stencil and indeterminate motif structure 
 
Motif Format 
(F) Figurative – anthropomorph or animal;  
(t) track – bird or macropod;  
(s) stencil only;  
(u) indeterminate 
 
   1:   Emt                   0.248  1.626 -0.484 -0.879 
   2:   Emt                   0.079  0.665 -0.831 -1.546 
   3:   Et                    1.381  0.408  0.689 -1.175 
   4:   Et                    1.354  0.079  0.491 -0.578 
   5:   Et                    1.753  0.908  1.126 -0.321 
   6:   Et                    1.326  0.193  0.740 -0.405 
   7:   Ef                    0.405 -0.987  0.308  0.049 
   8:   Et                    1.378  0.612  0.695 -1.311 
   9:   Et                    0.905  0.425 -0.227 -3.485 
  10:   Et                    1.229  0.888 -0.710 -0.278 
  11:   Et                    1.328 -0.316  0.470  1.439 
  12:   Et                    1.658  0.072  0.499  0.771 
  13:   Et                    0.895 -0.542 -1.300  1.721 
  14:   Et                    1.092 -0.548  0.982  0.890 
  15:   Et                    1.134 -0.337 -0.594  1.874 
  16:   Et                    0.998 -0.767 -0.838  0.988 
  17:   Et                    1.510 -0.263 -0.062  1.716 
  18:   Et                    1.436 -0.185 -0.133  1.571 
  19:   Et                    1.456 -0.351 -0.347  1.962 
  20:   eft                   1.022 -0.423 -1.197  2.001 
  21:   ef                    0.693 -0.055  3.289  0.325 
  22:   eft                   1.629  0.836  1.610 -1.173 
  23:   eft                   1.625  0.446  0.548  0.135 
  24:   ex                    0.484 -0.346  2.082  0.429 
  25:   ex                   -1.199  0.968 -0.375  0.478 
  26:   ex                    1.460  0.718  0.589 -1.567 
  27:   ex                    1.462  0.097 -0.138 -0.479 
  28:   ex                    1.634 -0.395  0.500  1.710 
  29:   Pf                   -0.176 -1.088 -0.530 -0.172 
  30:   Pt                   -0.974  0.942  0.571 -0.702 
  31:   P                    -0.574 -1.032  0.883  0.441 
  32:   P                    -0.423 -0.241 -1.210 -0.222 
  33:   Px                   -0.931 -0.591  1.033 -0.033 
  34:   Px                    0.084 -1.156 -1.624 -1.229 
  35:   Pxf                  -1.253  0.913 -0.329 -0.114 
  36:   Pxf                  -0.992 -1.334  1.689 -0.136 
  37:   S                     0.077 -1.255 -1.903 -0.982 
  38:   S                    -0.787 -0.020  0.515 -1.360 
  39:   S                    -0.754 -1.006  0.832  0.040 
  40:   S                     0.203 -0.648 -1.109 -0.222 
  41:   S                    -0.709  0.534 -0.275 -1.974 
  42:   S                    -0.056  0.428 -2.612 -0.070 
  43:   S                    -0.312  0.519 -2.116  0.489 
  44:   S                     0.193 -0.768 -1.514  0.011 
  45:   S                    -0.693 -1.242  1.033  0.213 
  46:   S                    -0.962  0.102 -0.029  0.280 
  47:   S                    -0.788 -1.578  0.296 -0.359 
  48:   SPxf                 -0.754 -1.006  0.832  0.040 
  49:   SPxf                 -0.040 -1.302 -0.280 -0.293 
  50:   SPx                  -1.130  1.727 -0.330  1.242 
  51:   spft                 -0.520  2.188  0.875  0.594 
  52:   SPf                   0.045  1.221  0.675 -1.386 
  53:   spf                  -0.846 -0.918 -0.295  1.148 
  54:   spft                 -0.768 -1.346  0.518 -0.417 
  55:   spf                  -0.825 -0.449 -0.706  0.926 
  56:   SPf                  -0.901  1.275 -0.380  1.297 
  57:   SPf                  -0.684 -1.352 -0.076  0.662 
  58:   SPf                  -1.260  0.928 -0.150  0.658 
  59:   spf                  -1.049 -1.500  1.410 -0.289 
  60:   spf                  -1.005 -0.167  0.247  0.281 
  61:   SP                   -0.750 -0.108  0.389 -0.236 
  62:   pf                   -1.153 -0.073  0.024 -0.818 
  63:   pf                   -0.338 -1.343  0.336  0.331 
  64:   pf                   -1.081  0.896  0.415  0.047 
  65:   pf                    0.624 -0.379 -2.819 -1.469 
  66:   pf                    0.743 -0.303 -2.223 -1.587 
  67:   pf                   -0.544 -1.201  0.458 -0.513 
  68:   pf                   -0.857 -1.378  1.009 -0.661 
  69:   pf                   -0.812 -1.277  1.271 -0.694 
  70:   pf                   -1.101  2.094 -0.070  0.349 
  71:   pf                   -0.714  0.710 -0.608 -1.438 
  72:   pf                   -0.487  2.275 -0.620  0.513 
  73:   pf                    0.743 -0.742  0.343 -0.037 
  74:   pf                   -0.820 -1.222  0.197 -0.158 
  75:   pf                   -1.135 -1.486  0.792  0.086 
  76:   p                    -1.071  0.523  0.899  0.023 
  77:   pf                   -0.890 -0.191  1.062  0.127 
  78:   pf                   -1.146 -0.406  0.977 -0.262 
  79:   pf                   -1.002 -1.517  0.698 -0.082 
  80:   pf                   -0.534 -1.078  0.442  0.348 
  81:   pf                   -1.052  1.107 -0.186  0.736 
  82:   pf                   -1.208  1.533 -0.967  1.828 
  83:   pf                   -0.650 -1.499  0.491 -0.507 
  84:   pf                   -0.247 -1.535 -1.471 -0.702 
  85:   pf                   -0.963  0.922 -0.210 -0.162 
  86:   pf                   -0.903  1.269  0.776  0.505 
  87:   pf                   -0.247 -1.535 -1.471 -0.702 
  88:   pf                   -0.751 -1.762 -1.006 -0.299 
  89:   pf                   -0.751 -1.762 -1.006 -0.299 
  90:   pf                   -0.549 -1.238  0.333 -0.170 
  91:   pf                   -0.966  0.072  0.814 -0.103 
  92:   pf                   -1.028 -0.975  1.571 -0.045 
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The eigenvalues and plots in this appendix refer to the MCA used to augment the MCA in the main text.  Exploratory 
MCA in this appendix show the various trends (both detrend and non detrend) evident within and between a select 
array of archaeological features derived from the BMNP matrix. 
 
4.1  Stone Material Experimental (D)MCA 
 
4.1.1  MSC Analysis @ High Relative Elevation No Detrend (MCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\MSC.DAT 
 
Actual sum of CA eigenvalues: 2.09205 
 
Eigenvalues times 100 
                             22.521 20.331 16.054 13.450 
% 
                             10.765  9.718  7.674  6.429 
 
CUM % 
                             10.765 20.483 28.157 34.586 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   PtBdle5              -0.933  0.192  1.127 -0.087 
   2:   PtBdg5               -3.035  0.885  1.324 -0.894 
   3:   Axes                 -1.204  0.883  0.680 -0.157 
   4:   Toolle5              -0.558  0.426 -0.080 -1.141 
   5:   Toolg5               -2.789  0.044  2.311  0.617 
   6:   Cores                -1.239 -0.312  0.589 -0.467 
   7:   Cortex               -0.633 -0.590  0.725 -0.429 
   8:   LgFkle5               0.590 -0.827 -0.850 -1.192 
   9:   LgFkg5               -2.119  0.252  1.749  0.468 
  10:   LgMdFks              -1.607  0.071  0.947 -0.079 
  11:   SmFkle5               0.942 -0.760 -1.245 -0.654 
  12:   SmFkg5               -1.209  0.450  1.199  1.102 
  13:   SmMdFks              -1.186  0.342  0.931  0.549 
  14:   WsteFkg2             -0.033 -0.366 -0.129 -0.025 
  15:   GeoMic               -0.721  0.491  1.204 -0.534 
  16:   Ret_Use              -1.228 -0.066  0.132  0.536 
  17:   Q_Fks                -0.234 -0.298 -0.258  0.150 
  18:   B_FksCob             -1.288  0.315 -0.353 -0.003 
  19:   ComplxFk             -1.637  0.102  1.288  0.426 
  20:   ClsterFk              2.553 -0.632  0.236  4.982 
  21:   SctterFk              0.248 -0.203 -1.396 -1.072 
  22:   StnArg                0.274  1.383 -1.621  0.765 
  23:   AGGle5                2.340  5.565  0.822  4.676 
  24:   AGGl5g20              4.626  1.252  3.254 -4.569 
  25:   AGline                2.559  5.583  0.858  1.990 
  26:   AGclustr              4.678 -0.394  3.956 -5.919 
  27:   AGdple15              2.743  2.437  1.605 -4.378 
  28:   AGdpg15               5.369  2.911  4.009  2.862 
  29:   Egvg2                 2.377  4.576  0.859  3.562 
  30:   Egvm2m2m              3.085  5.404  1.243  5.756 
  31:   Stencils              2.388 -1.166  3.110  3.101 
  32:   Ptgg2                 4.940 -4.021  4.416  0.942 
  33:   Ptgm2m2m              4.940 -4.021  4.416  0.942 
  34:   Elv_600              -0.583 -0.704 -1.045  0.246 
  35:   Elv6_8                2.784 -1.398  2.557 -2.653 
  36:   Elv_800               0.686  1.510  0.140  0.945 
  37:   H2O100               -0.342 -1.104  1.231  0.004 
  38:   H2O1_5                0.672  0.421 -1.460  0.076 
  39:   Wells                 0.575  1.821  1.232 -3.835 
  40:   Ort_NS                0.052 -0.586  1.385  0.506 
  41:   Ort_EW                0.199 -0.086 -1.223 -0.205 
  42:   AcsOrt                0.229 -0.355 -0.845  0.301 
  43:   RdHhPk                0.897  1.653 -1.005  0.485 
  44:   RdElvTFt              0.417  1.144 -0.702  1.054 
  45:   ScndFt               -0.571  0.390  0.893  2.892 
  46:   CliffSpr             -0.040 -0.040 -1.383  0.300 
  47:   Slpl20               -0.147  0.109 -0.185 -0.605 
  48:   Slpg20                1.017 -1.264 -0.643  1.690 
  49:   NatDemAr             -0.442  0.860 -0.320 -0.229 
  50:   NatDemFt              0.499  2.149  0.065  0.986 
  51:   SubMtAr               0.412 -1.473  0.847 -0.358 
  52:   Shltr100              1.180 -1.153  0.706  0.653 
  53:   Shltr1km             -1.193 -0.052 -0.846 -0.221 
  54:   RckShltr              1.471 -1.402  0.911  0.842 
  55:   Qry1km               -1.769  0.225  1.499  0.725 
  56:   RavRivAr              0.174 -2.205  0.135 -0.428 
  57:   LwHth                 0.727  1.925  0.812 -0.617 
  58:   GrsHth               -0.576  0.208 -0.406 -1.668 
  59:   Woodlds               0.183 -1.052 -0.439  0.954 
  60:   Swamp                -0.774 -0.880  1.982  0.028 
  61:   O_RckFce              1.093  2.866  1.732 -2.260 
  62:   HwkStne               1.581  1.073  2.214 -0.462 
  63:   NrrbStne              0.887 -0.069  0.641 -0.391 
  64:   Vis1000               0.768  3.038 -0.603 -0.550 
  65:   Vis6_1k               0.475  3.414 -0.455 -0.639 
  66:   Vis600                1.979  4.268  0.511 -2.104 
  67:   180_Vis              -0.538  0.860 -0.437 -0.151 
  68:   AccSub                0.280 -0.421 -0.492  0.133 
  69:   NoAccSub             -1.751  2.380  1.396 -1.412 
  70:   Cmplx_St             -0.030 -0.149 -0.358  0.047 
  71:   Size100m             -0.661  0.238 -0.613 -1.331 
  72:   PxMulti              -0.176 -0.720  0.555 -0.562 
  73:   PxTrTpUn              0.790  0.165 -0.369  0.325 
  74:   PxEgv                 0.619  1.281 -0.404  0.147 
  75:   PxPtg                 0.361 -1.263 -0.681 -0.016 
  76:   Px20AGG               0.089  0.158  0.760 -0.717 
  77:   PxStnArg              0.723  1.650 -0.915  1.945 
 
CA object scores (Plot: matrix #) 
   1:   12                    1.420  2.532  0.371 -1.240 
   2:   14                    0.456  1.316  0.036 -0.302 
   3:   19                    1.073  1.199  0.323  1.551 
   4:   20                    0.667 -1.291  0.411 -0.768 
   5:   22                    0.784 -1.291  0.329 -0.744 
   6:   29                    1.923  0.204  0.997 -3.215 
   7:   30                   -0.463 -0.154  2.101  0.037 
   8:   37                    0.261 -0.798  0.041 -0.270 
   9:   38                    0.892 -1.042 -0.233  0.530 
  10:   44                   -0.575  0.919  0.926 -0.476 
  11:   45                   -0.366  1.400  0.703 -0.751 
  12:   51                    0.489  0.546  0.519 -1.717 
  13:   56                    0.265 -0.847 -0.037 -0.200 
  14:   74                    1.757 -0.348 -0.604  1.085 
  15:   75                    0.634  0.098 -1.675  0.559 
  16:   79                    3.242 -1.052  2.545 -0.578 
  17:   85                    1.999 -2.611  1.720 -0.141 
  18:   106                   1.496  0.304  1.217 -2.727 
  19:   115                   0.658  0.141 -0.348  2.220 
  20:   117                   0.949 -0.146  0.248  2.774 
  21:   118                   1.851  3.670  0.665  2.671 
  22:   120                   0.591  2.079 -0.996 -0.136 
  23:   127                  -0.031  0.273 -0.554  0.828 
  24:   134                  -0.288 -0.192  1.058  0.264 
  25:   136                  -0.372 -0.120  1.343  0.319 
  26:   174                  -0.109 -0.481 -0.240 -1.089 
  27:   179                  -1.640 -0.036  0.686 -0.438 
  28:   181                  -1.195  0.567  0.181 -0.106 
  29:   184                   0.805 -0.757  0.092  2.308 
  30:   210                  -0.282 -0.072 -0.805 -0.291 
  31:   211                  -0.282 -0.072 -0.805 -0.291 
  32:   223                  -0.484 -0.441 -0.670 -0.473 
  33:   227                   0.071  0.217 -1.077  0.224 
  34:   228                  -0.627 -0.484  0.526 -0.663 
  35:   236                   0.187 -0.849 -0.363 -0.848 
  36:   264                  -0.055  0.463 -0.875 -1.327 
  37:   265                  -0.828  0.419 -0.547 -0.602 
  38:   266                   0.001  0.758 -1.605 -0.673 
  39:   267                   0.886 -1.423 -1.506  0.226 
  40:   269                   0.936 -1.310 -1.469  0.267 
  41:   271                  -1.158 -0.225  0.756 -0.024 
  42:   274                  -1.193  1.409  0.426 -0.738 
  43:   275                  -0.182 -0.792  0.252  0.127 
  44:   291                   0.473 -0.637 -1.717  0.412 
  45:   304                  -0.386  0.106 -1.365 -0.023 
  46:   305                  -0.234  0.157 -1.249  0.471 
  47:   306                  -0.234  0.157 -1.249  0.471 
  48:   310                  -1.734 -0.189  1.123  0.681 
  49:   311                  -1.734 -0.189  1.123  0.681 
  50:   312                  -0.215 -0.654 -1.138  0.240 
  51:   313                  -1.527 -0.173  1.002  0.758 
  52:   315                  -1.734 -0.189  1.123  0.681 
  53:   316                  -1.726 -0.213  1.056  0.717 
  54:   323                  -0.562 -0.543 -0.835 -0.035 
  55:   329                  -0.663 -0.227 -0.257  0.006 
  56:   330                  -0.106 -0.099 -1.288 -0.197 
  57:   332                  -1.491 -0.173  0.478  0.191 
  58:   334                   0.365  1.347 -0.014  0.759 
  59:   348                  -0.442 -0.703  1.025  0.341 
  60:   362                   0.066 -1.043 -0.501  0.342 
  61:   366                  -0.468 -0.290 -0.904 -0.495 
  62:   367                   0.986 -2.019 -0.121  1.287 
  63:   368                  -0.062  0.176 -1.575 -0.015 
  64:   369                   0.129  0.161 -1.746  0.168 
  65:   370                   0.115 -0.114 -1.738 -0.259 
  66:   389                   0.046 -0.751 -1.034 -0.769 
  67:   396                  -0.128 -0.186 -0.951 -0.846 
  68:   401                   0.386 -1.343 -0.284 -0.354 
  69:   402                   0.021 -0.615 -1.027 -0.157 
  70:   409                  -0.123 -0.026 -1.712 -0.752 
  71:   417                   1.797 -1.788  1.050  1.748 
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Figure 6:  Stone material MSC MCA @ high relative elevation, object and variable plots with no significant detrend. 
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4.1.2  MSC Analysis Detrend (DMCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\MSC1.DAT 
 
Actual sum of CA eigenvalues: 1.86323 
 
Eigenvalues times 100 
                             24.949 21.619 17.111 15.374 
% 
                             13.390 11.603  9.183  8.252 
 
CUM % 
                             13.390 24.993 34.177 42.428 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   PtBdle5               1.270 -1.079  1.044  0.231 
   2:   Axes                  0.491 -1.461 -0.278 -0.592 
   3:   Toolle5               0.309 -1.377  1.194  0.090 
   4:   Cores                -0.485 -1.268  0.860  0.443 
   5:   Cortex               -0.384 -0.533  1.287  0.403 
   6:   LgFkle5              -1.062 -0.059  0.643 -0.933 
   7:   LgFkg5                0.867 -1.713  0.381  2.518 
   8:   LgMdFks              -0.096 -1.274  0.960  0.603 
   9:   SmFkle5              -0.904  0.180  0.220 -1.040 
  10:   SmFkg5                0.899  0.126 -0.944  2.633 
  11:   SmMdFks               0.813 -0.707  0.096  1.021 
  12:   WsteFkg2             -0.430  0.142 -0.075  0.221 
  13:   GeoMic                2.577 -1.879  1.965  1.717 
  14:   Ret_Use              -0.714 -0.682 -0.246 -0.159 
  15:   Q_Fks                -0.443 -0.232 -0.834 -0.274 
  16:   B_FksCob             -0.126 -1.318 -0.546 -0.894 
  17:   ComplxFk              0.088 -1.356  0.908  0.794 
  18:   ClsterFk              1.029  3.433 -2.479  3.092 
  19:   SctterFk             -0.850 -0.228 -0.291 -0.881 
  20:   StnArg                0.089 -0.430 -1.337 -2.256 
  21:   AGGle5                3.457  0.830 -3.276 -1.640 
  22:   AGGl5g20              1.962  3.293  4.140 -3.511 
  23:   AGline                3.689  0.617 -1.954 -2.318 
  24:   AGclustr              0.867  4.845  5.865 -3.430 
  25:   AGdple15              2.192  1.041  1.732 -3.119 
  26:   AGdpg15               3.112  4.208  0.336 -2.228 
  27:   Egvg2                 3.578  0.600 -1.822 -0.741 
  28:   Stencils              0.134  4.883  0.344  2.546 
  29:   Elv_600              -1.338 -0.451 -0.303 -0.362 
  30:   Elv6_8                0.498  4.770  3.698 -2.005 
  31:   Elv_800               1.775  0.412 -1.019  1.323 
  32:   Wells                 1.387 -1.213  2.464  0.659 
  33:   Ort_NS                0.592  0.880  0.974  1.028 
  34:   Ort_EW               -0.696 -0.044 -0.596 -0.435 
  35:   AcsOrt               -0.470  0.249 -0.178  0.138 
  36:   RdHhPk                0.724  0.187 -0.819 -0.087 
  37:   RdElvTFt              0.796  0.086 -1.084  0.780 
  38:   ScndFt                1.442  1.698 -2.609  2.014 
  39:   CliffSpr             -0.639 -0.353 -0.277  0.235 
  40:   Slpl20                0.220 -0.526  0.061 -0.988 
  41:   Slpg20               -1.396  1.556 -0.603  1.711 
  42:   NatDemAr              0.279 -0.337 -0.287 -0.127 
  43:   NatDemFt              1.343 -0.191 -0.257  1.212 
  44:   SubMtAr              -0.641 -0.500 -0.638 -0.941 
  45:   Shltr100             -0.312  1.500  1.035  1.211 
  46:   Shltr1km             -0.966 -1.134 -0.679 -0.219 
  47:   RckShltr             -0.489  2.069  1.495  1.149 
  48:   Qry1km                0.440 -0.893  1.738  2.932 
  49:   LwHth                 2.859 -0.202 -1.927 -2.631 
  50:   GrsHth               -0.250 -1.088  1.167 -0.041 
  51:   Woodlds              -1.130  1.025 -0.725  0.328 
  52:   O_RckFce              2.712 -0.473  0.791 -0.160 
  53:   HwkStne               1.955  1.059  1.389 -1.229 
  54:   NrrbStne              1.181  1.272  0.776 -1.234 
  55:   Vis1000               1.559 -0.688 -0.402 -0.751 
  56:   Vis6_1k               1.736 -1.172 -0.516 -1.020 
  57:   Vis600                2.960 -0.246  0.911 -1.861 
  58:   180_Vis               0.182 -0.659 -0.740 -0.745 
  59:   AccSub               -0.560  0.451 -0.398 -0.353 
  60:   NoAccSub              2.051 -2.569  2.390  3.513 
  61:   Cmplx_St             -0.349  0.054 -0.160 -0.038 
  62:   Size100m             -0.336 -0.836  0.647 -0.220 
  63:   PxMulti              -0.595  0.066  1.480  0.047 
  64:   PxTrTpUn              0.002  1.037 -0.896 -0.236 
  65:   PxEgv                 1.944 -0.532 -0.842  0.243 
  66:   PxPtg                -1.458  0.554  0.477  0.294 
  67:   Px20AGG               0.619 -0.497  1.491  1.637 
  68:   PxStnArg              0.600  0.435 -2.495 -1.289 
 
CA object scores (plot: matrix #) 
   1:   12                    2.074  0.086  0.286 -1.441 
   2:   14                    0.884 -0.319  0.469 -0.020 
   3:   29                    0.447  1.465  2.598 -1.506 
   4:   44                    1.055 -1.003  1.397  2.002 
   5:   45                    1.274 -1.018  1.046  1.153 
   6:   74                   -0.123  2.150 -0.265  0.332 
   7:   75                   -0.450  0.500 -1.168 -0.115 
   8:   79                    0.415  3.035  2.252 -1.187 
   9:   115                   0.215  1.183 -1.066  2.112 
  10:   117                   0.246  2.040 -1.282  2.460 
  11:   118                   2.689  0.873 -1.976 -0.560 
  12:   120                   1.194 -0.388 -1.581 -1.064 
  13:   184                  -0.467  1.735 -0.554  1.722 
  14:   223                  -0.641 -0.572  0.338 -0.453 
  15:   227                  -0.318 -0.045 -0.348  0.663 
  16:   264                  -0.247 -0.951  0.087 -1.058 
  17:   265                  -0.365 -1.261  0.173 -0.345 
  18:   266                  -0.340 -0.810 -0.420 -0.914 
  19:   267                  -1.685  0.971  0.345  0.169 
  20:   269                  -1.572  1.055  0.177  0.117 
  21:   274                   0.749 -1.567  0.523  0.976 
  22:   275                  -0.737 -0.095  0.652  0.425 
  23:   291                  -1.060  0.222 -1.059 -0.118 
  24:   305                  -0.455 -0.199 -1.088  0.404 
  25:   306                  -0.455 -0.199 -1.088  0.404 
  26:   323                  -0.962 -0.589  0.222  0.113 
  27:   330                  -0.673 -0.296 -0.371 -1.045 
  28:   334                   0.763 -0.104 -0.734 -0.726 
  29:   362                  -1.132  0.401  0.778  0.777 
  30:   366                  -0.786 -0.688  0.274 -0.033 
  31:   368                  -0.687 -0.335 -0.942 -1.013 
  32:   369                  -0.720 -0.067 -1.068 -0.848 
  33:   370                  -0.896 -0.123 -0.669 -0.800 
  34:   389                  -1.059 -0.229  0.709 -0.306 
  35:   396                  -0.636 -0.517  0.489 -0.283 
  36:   402                  -1.032 -0.110  0.307  0.058 
  37:   409                  -0.944 -0.685 -0.085 -0.634 
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Figure 7:  Stone material MSC DMCA @ high relative elevation, object and variable plots with detrend. 
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4.1.3  Quartz (Only) Analysis No Detrend (MCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\QUARTZ.DAT 
 
Actual sum of CA eigenvalues: 2.11626 
 
Eigenvalues times 100 
                             35.973 26.350 20.641 17.741 
% 
                             16.998 12.451  9.754  8.383 
 
CUM % 
                             16.998 29.449 39.203 47.586 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   Toolle5               4.877 10.786  1.114  0.419 
   2:   Toolg5                0.931 -0.925  1.895 -2.388 
   3:   Cores                 2.586 -1.120 -1.860  2.948 
   4:   Cortex                1.570 -1.180  0.318  0.074 
   5:   LgFkle5               1.646  0.753  0.322  0.258 
   6:   LgMdFks               3.298 -1.681 -3.683  4.818 
   7:   SmFkle5               1.087 -0.502 -0.243  0.495 
   8:   SmFkg5               -0.361 -0.090 -1.443 -0.305 
   9:   WsteFkg2             -0.404 -0.099 -0.112  0.135 
  10:   GeoMic               -1.448  0.714 -0.723  1.053 
  11:   Ret_Use               4.877 10.786  1.114  0.419 
  12:   Ochre                 1.640 -2.444 -3.965  3.292 
  13:   ComplxFk              1.335 -1.226 -3.110  3.181 
  14:   ClsterFk              0.390 -0.683  3.072  1.461 
  15:   SctterFk             -0.313  0.013 -0.460 -1.017 
  16:   IF                    4.877 10.786  1.114  0.419 
  17:   Egvg2                -0.941 -0.689  2.239 -1.256 
  18:   Stencils              1.106 -1.956 -1.750  0.447 
  19:   Ptgg2                 1.640 -2.444 -3.965  3.292 
  20:   Elv_600              -0.066 -0.163 -1.456 -0.254 
  21:   Elv6_8                2.049  0.839  2.267 -0.901 
  22:   Elv_800              -0.819  0.093  1.454  1.377 
  23:   HhReElv              -0.746  0.159  0.134 -0.328 
  24:   H2O100                1.345  0.402 -0.997  1.047 
  25:   H2O1_5               -0.582 -0.073  0.835 -0.516 
  26:   Ort_NS                1.172 -0.980  0.431 -0.026 
  27:   Ort_EW               -0.642  0.047  0.092 -0.358 
  28:   AcsOrt                0.708 -0.901  0.782 -0.893 
  29:   RdHhPk               -1.395  0.498  0.059  0.889 
  30:   RdElvTFt             -0.749  0.117  0.084 -0.306 
  31:   ScndFt               -0.783  0.123 -1.583 -0.816 
  32:   CliffSpr             -0.075  0.510  0.068 -1.152 
  33:   Slpl20                0.031  0.452 -0.148  0.359 
  34:   Slpg20                0.703 -0.892  0.721 -1.017 
  35:   NatDemAr             -0.662 -0.015 -0.370  0.376 
  36:   NatDemFt             -0.778  0.212 -0.581 -1.346 
  37:   SubMtAr               0.900  0.191 -0.586  0.396 
  38:   Shltr100              1.468 -1.331  0.630  0.120 
  39:   Shltr1km             -0.455  1.294 -0.990 -0.634 
  40:   RckShltr              1.067 -1.516  1.228 -0.619 
  41:   RavRivAr              2.082 -0.139  0.063  0.626 
  42:   LwHth                -2.425  0.519  3.819  5.570 
  43:   GrsHth               -1.153  0.050  0.063 -2.737 
  44:   Woodlds               0.455  0.116 -0.318 -0.379 
  45:   Swamp                 1.358 -1.659  2.423 -1.765 
  46:   O_RckFce             -2.425  0.519  3.819  5.570 
  47:   HwkStne               1.187 -0.993  0.253  0.105 
  48:   NrrbStne              0.131 -0.475  0.507 -0.374 
  49:   Vis1000              -1.930  0.116  3.292  3.295 
  50:   Vis6_1k              -1.639  0.563  0.197  1.053 
  51:   Vis600               -1.153  0.050  0.063 -2.737 
  52:   180_Vis              -0.355 -0.368  1.493 -0.549 
  53:   AccSub                0.165  0.149 -0.070  0.075 
  54:   Cmplx_St             -0.484 -0.132 -0.256  0.171 
  55:   Size100m             -0.612  0.408 -1.641  0.158 
  56:   PxMulti               1.349 -1.234 -0.084  0.635 
  57:   PxTrTpUn             -0.522  0.088  0.302  0.402 
  58:   PxEgv                -1.199  0.446 -0.354  0.118 
  59:   PxPtg                 1.613 -2.093 -2.369  1.918 
  60:   Px20AGG               0.625 -1.004  2.075 -1.395 
  61:   PxStnArg             -1.274  0.355 -0.701  1.601 
 
CA object scores (plot: matrix #) 
 
   1:   13                   -0.564 -0.354  1.018 -0.530 
   2:   17                    0.411 -0.169  0.199 -0.120 
   3:   18                    0.122  0.077  0.386 -0.182 
   4:   21                    1.125 -0.287 -0.017  0.456 
   5:   55                   -0.755  0.217 -0.465 -1.464 
   6:   80                    0.667 -0.392  1.738 -0.684 
   7:   86                    0.344 -0.755  0.213 -1.011 
   8:   93                    0.559 -0.476  0.862 -1.006 
   9:   94                    1.980 -0.864 -1.674  2.034 
  10:   95                    1.544 -0.447  0.074  0.902 
  11:   121                  -1.391  0.211  1.797  2.263 
  12:   122                  -1.517  0.322  1.668  2.425 
  13:   129                  -0.559  0.230 -0.764  0.606 
  14:   160                   1.020 -0.913  1.550 -0.600 
  15:   170                   1.084 -0.892  1.545 -0.625 
  16:   189                   0.060  0.018  0.316 -0.407 
  17:   207                  -0.755  0.217 -0.465 -1.464 
  18:   214                  -0.419  0.321 -0.573 -0.134 
  19:   217                  -0.122  0.080 -0.900 -0.268 
  20:   281                  -0.905  0.444 -0.769 -0.078 
  21:   282                  -0.839  0.403 -0.733 -0.189 
  22:   284                  -0.905  0.444 -0.769 -0.078 
  23:   314                   0.985 -1.254 -1.801  1.385 
  24:   337                  -0.905  0.444 -0.769 -0.078 
  25:   343                  -0.839  0.403 -0.733 -0.189 
  26:   356                   2.921  5.534  0.500  0.174 
  27:   399                   0.952 -0.894 -0.351  0.230 
  28:   407                   0.055 -0.002 -0.209 -1.194 
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Figure 8:  Stone material Quartz MCA, object and variable plots with no significant detrend. 
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4.1.4  Quartz (Only) Analysis Detrend (DMCA) 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\QUARTZ.DAT 
Actual sum of CA eigenvalues: 1.89586 
 
Eigenvalues times 100 
                             34.704 21.225 17.945 17.204 
% 
                             18.305 11.195  9.465  9.074 
CUM % 
                             18.305 29.500 38.966 48.040 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   Toolg5                1.210  2.006 -2.438 -2.083 
   2:   Cores                 2.932 -1.960  2.340 -4.921 
   3:   Cortex                1.904  0.315  0.017 -1.109 
   4:   LgFkle5               1.427  0.082  0.090 -2.440 
   5:   LgMdFks               3.764 -3.724  3.982 -5.497 
   6:   SmFkle5               1.279 -0.411  0.400 -1.999 
   7:   SmFkg5               -0.285 -1.335 -0.367  0.336 
   8:   WsteFkg2             -0.321 -0.104  0.159  0.156 
   9:   GeoMic               -1.534 -0.837  0.990 -0.451 
  10:   Ochre                 2.194 -3.459  3.518  7.652 
  11:   ComplxFk              1.665 -2.992  2.923  0.449 
  12:   ClsterFk              0.620  2.875  1.677  0.047 
  13:   SctterFk             -0.258 -0.421 -1.045 -0.495 
  14:   Egvg2                -0.784  2.858 -1.266  0.887 
  15:   Stencils              1.573 -1.375  0.757  5.358 
  16:   Ptgg2                 2.194 -3.459  3.518  7.652 
  17:   Elv_600               0.028 -1.402 -0.304  0.117 
  18:   Elv6_8                1.811  2.490 -1.041 -0.590 
  19:   Elv_800              -0.772  1.325  1.398 -0.869 
  20:   HhReElv              -0.717  0.148 -0.329 -0.291 
  21:   H2O100                1.202 -1.272  0.967 -1.103 
  22:   H2O1_5               -0.507  0.867 -0.429  0.292 
  23:   Wells                -0.784  2.858 -1.266  0.887 
  24:   Ort_NS                1.447  0.457 -0.009 -0.094 
  25:   Ort_EW               -0.591  0.098 -0.311  0.086 
  26:   AcsOrt                0.962  0.869 -0.770  0.540 
  27:   RdHhPk               -1.437  0.012  0.878 -0.168 
  28:   RdElvTFt             -0.713  0.089 -0.286 -0.136 
  29:   ScndFt               -0.762 -1.452 -0.799  1.157 
  30:   CliffSpr             -0.280  0.069 -1.200  0.012 
  31:   Slpl20               -0.136 -0.217  0.291 -0.568 
  32:   Slpg20                0.969  0.721 -0.829  0.584 
  33:   NatDemAr             -0.600 -0.353  0.409  0.517 
  34:   NatDemFt             -0.770 -0.489 -1.337  0.078 
  35:   SubMtAr               0.797 -0.688  0.386  0.300 
  36:   Shltr100              1.825  0.721  0.158  0.159 
  37:   Shltr1km             -0.957 -1.169 -0.794 -0.458 
  38:   RckShltr              1.451  1.433 -0.357  2.360 
  39:   RavRivAr              2.128 -0.027  0.728  0.732 
  40:   LwHth                -2.432  3.395  5.768 -0.175 
  41:   GrsHth               -1.139  0.435 -2.723  0.578 
  42:   Woodlds               0.405 -0.373 -0.427 -0.326 
  43:   Swamp                 1.785  2.517 -1.356  2.212 
  44:   O_RckFce             -2.432  3.395  5.768 -0.175 
  45:   HwkStne               1.467  0.331 -0.009 -1.335 
  46:   NrrbStne              0.291  0.552 -0.309  0.288 
  47:   Vis1000              -1.883  3.216  3.423  0.179 
  48:   Vis6_1k              -1.699  0.180  1.055  0.174 
  49:   Vis600               -1.139  0.435 -2.723  0.578 
  50:   180_Vis              -0.210  1.518 -0.413  0.154 
  51:   AccSub                0.105 -0.119  0.054 -0.276 
  52:   Cmplx_St             -0.395 -0.212  0.202  0.479 
  53:   Size100m             -0.644 -1.741  0.006 -1.215 
  54:   PxMulti               1.677 -0.008  0.642  0.314 
  55:   PxTrTpUn             -0.475  0.254  0.375 -0.628 
  56:   PxEgv                -1.238 -0.358  0.089 -0.210 
  57:   PxPtg                 2.121 -2.090  2.118  4.546 
  58:   Px20AGG               0.897  2.224 -1.200  0.817 
  59:   PxStnArg             -1.286 -0.741  1.611  0.816 
CA object scores (plot: matrix #) 
   1:   13                   -0.462  1.318 -0.538  0.367 
   2:   17                    0.483  0.146 -0.134 -0.635 
   3:   18                    0.122  0.293 -0.212 -0.838 
   4:   21                    1.238 -0.091  0.299 -1.802 
   5:   55                   -0.775 -0.355 -1.461  0.178 
   6:   80                    0.790  1.750 -0.596 -0.039 
   7:   86                    0.561  0.326 -0.852  1.272 
   8:   93                    0.713  0.925 -1.032 -0.862 
   9:   94                    2.218 -1.718  1.692 -2.286 
  10:   95                    1.675 -0.084  0.845 -1.183 
  11:   121                  -1.360  1.636  2.370 -0.035 
  12:   122                  -1.507  1.492  2.516 -0.120 
  13:   129                  -0.566 -0.825  0.540 -0.336 
  14:   160                   1.268  1.583 -0.431  0.732 
  15:   170                   1.324  1.568 -0.449  0.754 
  16:   189                   0.105  0.216 -0.394 -0.935 
  17:   207                  -0.775 -0.355 -1.461  0.178 
  18:   214                  -0.455 -0.657 -0.198 -0.822 
  19:   217                  -0.115 -0.923 -0.327 -0.351 
  20:   281                  -0.964 -0.773 -0.111  0.052 
  21:   282                  -0.892 -0.728 -0.218  0.101 
  22:   284                  -0.964 -0.773 -0.111  0.052 
  23:   314                   1.293 -1.595  1.485  3.170 
  24:   337                  -0.964 -0.773 -0.111  0.052 
  25:   343                  -0.892 -0.728 -0.218  0.101 
  26:   399                   1.207 -0.333  0.304  0.598 
  27:   407                   0.096 -0.211 -1.180 -0.380 
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Figure 9:  Stone material Quartz DMCA, object and variable plots with detrend. 
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4.1.5  MSC and Quartz Analysis @ High Relative Elevation Detrend (DMCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\MQF.DAT 
 
Actual sum of CA eigenvalues: 1.75442 
 
Eigenvalues times 100 
                             24.236 17.257 15.718 11.277 
% 
                             13.814  9.836  8.959  6.428 
 
CUM % 
                             13.814 23.651 32.610 39.037 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   PtBdle5              -0.733 -0.231  1.035  0.934 
   2:   Axes                 -0.839  1.439 -0.154  1.479 
   3:   Toolle5               0.144  0.170  0.630  2.484 
   4:   Toolg5               -2.714  1.175  0.290 -1.205 
   5:   Cores                -1.507  0.073  0.127  0.704 
   6:   Cortex               -1.205 -0.264  0.053  0.859 
   7:   LgFkle5               0.554 -0.918 -0.508  2.224 
   8:   LgFkg5               -2.038  0.889  0.174 -1.552 
   9:   LgMdFks              -1.378  0.685  0.144  1.183 
  10:   SmFkle5               1.231 -0.907 -0.680  0.933 
  11:   SmFkg5               -1.576  0.780  0.210 -1.439 
  12:   SmMdFks              -1.182  0.069  0.077  0.113 
  13:   GeoMic               -0.339 -0.601  1.115 -0.836 
  14:   Ret_Use              -0.852  0.782 -0.329  0.939 
  15:   B_FksCob             -0.629  0.869 -0.457 -0.035 
  16:   ComplxFk             -1.466  0.663  0.538  0.666 
  17:   SctterFk              0.977 -0.272 -0.923 -0.064 
  18:   StnArg                1.315  1.798 -0.832  4.848 
  19:   AGline                2.639  3.614  4.860  3.347 
  20:   AGdple15              2.313  2.353  4.334  3.283 
  21:   Egvg2                 1.936 -0.383  4.168 -1.897 
  22:   Stencils             -1.210 -0.553  2.843 -5.136 
  23:   Elv_600              -0.258  0.024 -1.331  0.241 
  24:   Elv_800               1.315  0.349  2.141 -1.479 
  25:   H2O100               -0.829 -1.559  0.484 -0.372 
  26:   H2O1_5                1.408  1.154 -0.938  0.269 
  27:   Ort_NS               -0.703 -0.274  1.091  0.506 
  28:   Ort_EW                0.661 -0.226 -1.027 -0.466 
  29:   AcsOrt                0.772 -0.059 -0.896  0.277 
  30:   RdHhPk                2.024  1.575 -0.280 -1.674 
  31:   RdElvTFt              1.219  0.534  0.295 -2.139 
  32:   ScndFt               -1.205  0.374  0.259 -1.565 
  33:   CliffSpr              0.749  0.619 -0.924 -0.229 
  34:   NatDemAr              0.006  1.186 -0.415 -0.878 
  35:   NatDemFt              0.952  1.462  1.989 -0.558 
  36:   Shltr100              0.248 -2.324  1.219 -0.176 
  37:   RckShltr              0.289 -2.899  1.553 -0.423 
  38:   Qry1km               -2.115  0.516  0.204 -1.578 
  39:   LwHth                 0.811  0.591  2.689  0.036 
  40:   GrsHth               -0.391  0.636 -0.621  1.719 
  41:   Woodlds               0.103 -0.796 -0.836 -0.571 
  42:   HwkStne               0.391 -0.498  3.161  0.379 
  43:   NrrbStne              0.597 -1.506  0.789 -0.019 
  44:   Vis1000               1.968  2.666  2.346  0.365 
  45:   Vis6_1k               1.587  3.409  2.610  1.503 
  46:   Vis600                2.872  2.642  5.820  2.191 
  47:   180_Vis              -0.051  1.192 -0.206  0.104 
  48:   AccSub                0.295 -0.398 -0.340 -0.008 
  49:   NoAccSub             -1.162  4.073 -0.363 -2.420 
  50:   Cmplx_St              0.009 -0.145 -0.437 -0.330 
  51:   Size100m              0.153  0.620 -1.445  0.562 
  52:   PxMulti              -0.824 -0.842  0.313  0.986 
  53:   PxTrTpUn              0.887 -0.256  0.114 -0.727 
  54:   PxEgv                 1.542 -1.038 -0.056 -0.954 
  55:   PxPtg                 0.050 -1.433 -0.562 -0.695 
  56:   Px20AGG              -0.002 -1.164  0.821 -0.273 
  57:   PxStnArg              1.250  1.541 -0.891 -0.011 
 
CA object scores (plot: matrix #) 
 
   1:   12                    1.895  1.782  2.968  0.954 
   2:   14                    0.930  0.407  1.645  0.517 
   3:   19                    0.975 -0.729  1.661 -1.793 
   4:   20                    0.103 -1.767  0.029  0.679 
   5:   22                    0.316 -1.862  0.021  0.521 
   6:   30                   -1.436 -0.406  1.140 -0.487 
   7:   37                    0.270 -1.869  0.066  0.191 
   8:   38                    0.670 -2.259 -0.129  0.063 
   9:   56                    0.283 -1.823 -0.035  0.242 
  10:   74                    1.829 -0.637  0.255 -0.998 
  11:   75                    1.769  0.174 -0.668 -1.231 
  12:   85                    0.004 -2.804  0.045  0.018 
  13:   106                   0.818 -0.072  1.303  1.068 
  14:   117                   0.243 -0.056  1.117 -2.963 
  15:   120                   1.825  1.803  0.628 -1.136 
  16:   127                   0.643 -0.052 -0.209 -1.685 
  17:   134                  -0.391 -0.633  1.362 -0.498 
  18:   136                  -0.581 -0.496  1.545 -0.012 
  19:   174                   0.255 -0.546  0.146  1.460 
  20:   179                  -1.290  0.224 -0.443 -0.432 
  21:   181                  -0.693  1.359 -0.478 -1.096 
  22:   210                   0.437 -0.593 -0.764 -0.880 
  23:   211                   0.437 -0.593 -0.764 -0.880 
  24:   223                   0.062 -0.106 -0.709  1.558 
  25:   227                   0.715  0.342 -0.473 -0.742 
  26:   228                  -0.514 -0.269  0.465  1.178 
  27:   265                  -0.219  1.254 -0.113  1.916 
  28:   271                  -1.125  0.113 -0.024  0.135 
  29:   274                  -0.452  2.026  0.188 -0.530 
  30:   275                  -0.310 -0.738  0.117  0.920 
  31:   291                   1.400 -0.549 -1.538 -0.948 
  32:   304                   0.677  0.555 -1.056 -0.083 
  33:   305                   0.709  0.739 -1.269 -1.844 
  34:   306                   0.709  0.739 -1.269 -1.844 
  35:   310                  -1.926  0.523  0.074 -0.311 
  36:   311                  -1.926  0.523  0.074 -0.311 
  37:   312                   0.319 -0.254 -1.310  0.368 
  38:   313                  -1.665  0.478  0.089 -0.357 
  39:   315                  -1.926  0.523  0.074 -0.311 
  40:   316                  -1.946  0.573 -0.046 -0.459 
  41:   323                  -0.067  0.020 -0.968  1.560 
  42:   329                  -0.395  0.013 -0.622 -0.252 
  43:   330                   0.594  0.278 -1.545  1.958 
  44:   332                  -1.261  0.569 -0.630 -0.194 
  45:   334                   0.700  1.214  0.881  1.296 
  46:   348                  -0.859 -0.927  0.721  0.215 
  47:   366                   0.044 -0.030 -0.895  0.916 
  48:   368                   0.858  0.846 -1.627  0.303 
  49:   369                   1.118  0.798 -1.747 -0.285 
  50:   370                   1.035  0.450 -1.690  0.106 
  51:   396                   0.332  0.356 -0.872  1.445 
  52:   401                   0.240 -2.261 -0.204  0.385 
  53:   402                   0.221 -0.092 -0.978  1.152 
  54:   417                   0.375 -1.692  0.449 -0.781 
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Figure 10:  Stone material MSC and Quartz MCA @ high relative elevation, object and variable plots with detrend. 
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4.2  Lithic Diversity (Cores and Cortex) Experimental (D)MCA 
4.2.1  Core and Cortex Analysis No Detrend (MCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\CC.DAT 
 
Actual sum of CA eigenvalues: 2.09292 
 
Eigenvalues times 100 
                             24.904 17.180 13.319  9.772 
% 
                             11.899  8.209  6.364  4.669 
CUM % 
                             11.899 20.108 26.472 31.141 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   PtBdle5               0.589 -1.531  0.073  0.893 
   2:   PtBdg5                1.104 -2.713  3.495 -0.615 
   3:   Axes                  0.462 -1.671 -0.006 -0.903 
   4:   Toolle5               0.044 -0.363 -0.790  0.078 
   5:   Toolg5                1.226 -3.133  1.934  0.177 
   6:   Cores                -0.014 -0.873 -0.099 -0.225 
   7:   Cortex               -0.196  0.139 -0.068 -0.145 
   8:   LgFkle5              -0.703  0.867 -0.880 -0.660 
   9:   LgFkg5                0.980 -2.632  1.213  0.674 
  10:   LgMdFks               0.625 -1.644  0.519  0.362 
  11:   SmFkle5              -0.947  0.995 -0.800 -0.484 
  12:   SmFkg5                0.856 -1.947  0.680  0.162 
  13:   SmMdFks               0.669 -1.973  0.769  0.645 
  14:   WsteFkg2             -0.296 -0.149 -0.156  0.087 
  15:   GeoMic                0.744 -1.513 -0.095  1.560 
  16:   Ret_Use               0.555 -2.230  0.973  0.749 
  17:   MSC_Fks              -0.411 -0.141 -0.217 -0.238 
  18:   Q_Fks                -0.167 -0.550 -0.066  0.074 
  19:   B_FksCob              0.987 -0.768  0.126 -1.242 
  20:   Ochre                -0.938 -0.348  6.861  0.901 
  21:   ComplxFk              0.349 -1.985  1.135  1.015 
  22:   ClsterFk             -1.706  1.888  0.500  3.683 
  23:   SctterFk             -0.295  0.404 -1.372 -1.423 
  24:   IF                    0.267 -2.462 -1.526 -7.228 
  25:   AGGle5                0.261 -2.451  5.051 -0.281 
  26:   AGGl5g20              2.471  3.987 10.627 -5.924 
  27:   AGGge20               8.827  9.048  3.009 -6.466 
  28:   AGline                7.687  8.294  4.393 -6.609 
  29:   AGclustr              0.434  2.210 13.052 -5.510 
  30:   AGdpg15               3.300  3.712  7.988 -4.904 
  31:   Egvg2                 3.660  2.598 -1.737  4.446 
  32:   Stencils             -0.870  0.909  5.545  0.153 
  33:   Ptgle2               -1.498  0.939  0.983  4.327 
  34:   Ptgg2                -1.403  1.582  4.404  0.261 
  35:   Ptgm2m2m             -1.403  1.582  4.404  0.261 
  36:   Elv_600              -0.588 -0.303 -0.247 -0.358 
  37:   Elv6_8               -0.377  1.176  0.586  0.153 
  38:   Elv_800               1.253  1.292 -0.372  0.484 
  39:   HhReElv               1.318  0.045 -0.224  0.321 
  40:   H2O100               -0.909 -0.073 -0.054 -0.458 
  41:   H2O1_5                1.868  0.964 -0.460  0.760 
  42:   Wells                 1.774  0.773 -1.276  1.171 
  43:   Ort_NS               -0.144  0.011  0.075 -0.605 
  44:   Ort_EW               -0.204  0.346 -0.290  0.498 
  45:   AcsOrt                0.068  0.518 -0.335 -0.609 
  46:   RdHhPk                4.022  2.671  0.564  0.038 
  47:   RdElvTFt              2.421  0.950 -0.701  1.930 
  48:   ScndFt                0.362 -2.800  0.880 -0.615 
  49:   CliffSpr              1.646  0.805 -0.699  1.838 
  50:   Slpl20               -0.101  0.029 -0.197 -1.249 
  51:   Slpg20               -0.767  0.797 -0.019  3.669 
  52:   NatDemAr              0.768 -0.376 -0.453 -0.813 
  53:   NatDemFt              0.133  0.591 -0.663  0.706 
  54:   SubMtAr              -0.830  0.360 -0.061 -0.311 
  55:   Shltr100             -1.011  0.701  0.268  0.534 
  56:   Shltr1km              1.389 -0.777 -0.755 -1.138 
  57:   RckShltr             -1.134  0.977  0.891  1.604 
  58:   Qry1km                0.526 -0.372 -0.495 -1.763 
  59:   RavRivAr             -1.279  0.339 -0.336 -0.383 
  60:   LwHth                 1.263 -0.509 -0.699  2.357 
  61:   GrsHth                0.410 -0.481 -0.915 -1.629 
  62:   Woodlds              -0.492  0.280  0.202 -0.142 
  63:   Swamp                -0.794  0.056 -0.545  1.405 
  64:   O_RckFce              3.838  2.233  0.403  0.179 
  65:   HwkStne               1.266  1.074  1.269  0.475 
  66:   NrrbStne              0.028  0.390 -0.354  0.315 
  67:   Vis1000               3.603  1.020 -2.474  2.109 
  68:   Vis6_1k               4.244  2.036 -1.747  1.105 
  69:   Vis600                5.994  5.834  1.118 -1.599 
  70:   180_Vis               2.073 -0.031 -0.354  1.633 
  71:   AccSub               -0.501  0.141 -0.124 -0.236 
  72:   NoAccSub              4.014  0.960 -1.030  0.879 
  73:   Cmplx_St             -0.111 -0.161 -0.161  0.237 
  74:   Size100m              0.674 -1.435 -0.728 -1.821 
  75:   PxMulti              -0.564  0.121 -0.007  0.213 
  76:   PxTrTpUn             -0.153  0.587  0.061 -0.181 
  77:   PxEgv                 2.504  2.481 -0.519 -0.262 
  78:   PxPtg                -1.220  0.539  0.076  0.428 
  79:   Px20AGG               1.069  0.504  0.111  1.151 
  80:   PxStnArg             -0.805 -0.115  2.713  2.497 
 
CA object scores ((plot: site class: A=AGG; E= Engraving; M= 
Multidim(shelter); P= Painting(shelter); U= Unidim(open); T= 
Transit(open)) 
 
   1:   U                    -0.335 -0.694 -0.244 -1.041 
   2:   M                     0.138 -1.364  0.486  0.505 
   3:   M                    -0.632  0.503 -0.501 -0.743 
   4:   M                    -0.622  0.549 -0.493 -0.741 
   5:   P                     0.137 -0.430  4.862 -1.618 
   6:   M                     0.433 -1.004  1.326  0.721 
   7:   M                     1.670 -0.057 -0.310  0.745 
   8:   M                     2.072  0.207 -0.757  0.708 
   9:   M                     0.147 -1.121 -0.141 -0.208 
  10:   M                     0.646  0.044 -0.926 -0.043 
  11:   U                    -0.502 -0.471  0.310 -0.251 
  12:   P                    -0.963  0.822  0.624  0.537 
  13:   M                    -0.890  0.553  0.147  0.568 
  14:   U                    -0.454  0.292 -0.765 -0.975 
  15:   M                     0.574 -0.664  0.176  2.077 
  16:   M                    -0.438  0.357 -0.698  0.172 
  17:   M                     0.165 -0.759  0.222  1.822 
  18:   U                    -0.949  0.259 -0.879 -1.257 
  19:   U                    -0.799 -0.240 -0.413 -0.753 
  20:   M                     0.137 -0.732 -0.183  0.087 
  21:   U                    -0.039 -0.040 -0.980 -0.789 
  22:   M                     0.131 -1.016  1.844 -0.089 
  23:   M                     0.392 -1.610 -0.350 -1.762 
  24:   M                    -0.392 -0.052 -0.586 -0.329 
  25:   M                     0.593 -1.770  0.146 -0.967 
  26:   M                     0.992 -0.623 -0.056  1.100 
  27:   M                     1.351 -1.116 -0.311  0.806 
  28:   U                     0.444 -1.674  0.168 -0.887 
  29:   P                    -0.251  0.674  1.109  2.694 
  30:   U                    -0.949  0.259 -0.879 -1.257 
  31:   M                     0.368 -0.426 -0.688 -0.651 
  32:   M                     0.099 -1.602  0.285 -0.135 
  33:   P                    -0.157  0.899  0.778  1.077 
  34:   M                     0.085 -0.634 -0.604 -0.407 
  35:   U                    -0.357  0.535 -0.911 -0.992 
  36:   U                    -0.357 -0.160 -0.643 -1.235 
  37:   M                    -0.311 -0.298 -0.622 -1.294 
  38:   U                     1.038  0.459 -1.461  0.512 
  39:   U                     1.118 -0.565 -0.813  0.312 
  40:   U                     1.720  0.886 -1.434  0.176 
  41:   M                     0.287 -1.509  0.236  0.011 
  42:   M                     2.298 -0.787 -0.164  0.941 
  43:   M                     0.016 -0.147  0.117  1.323 
  44:   P                    -0.484 -0.211  0.492  0.416 
  45:   U                    -0.958  0.288 -0.592 -0.891 
  46:   M                     0.628 -2.040  0.479 -0.227 
  47:   M                     0.628 -2.040  0.479 -0.227 
  48:   M                     0.591 -2.049  0.564  0.075 
  49:   M                     0.628 -2.040  0.479 -0.227 
  50:   M                     0.607 -1.979  0.491 -0.340 
  51:   P                    -0.429 -0.710  1.922  0.468 
  52:   U                     0.521 -0.528 -0.573 -0.475 
  53:   M                     0.572 -1.695  0.407 -0.496 
  54:   P                    -0.657 -0.841  2.460  1.092 
  55:   M                     0.003 -0.764  0.453  0.960 
  56:   P                    -1.143  0.750  1.791 -0.191 
  57:   P                    -0.631  0.950  0.626  0.599 
  58:   M                    -0.110 -0.583 -0.616 -1.298 
  59:   M                    -0.246 -0.504 -0.553 -1.139 
  60:   M                     0.542 -0.193 -0.705  0.177 
  61:   M                     0.150 -1.908  0.473 -0.257 
  62:   P                    -1.219  0.772  1.033  0.212 
  63:   P                    -1.125  0.272 -0.020  0.860 
  64:   U                    -0.185  0.325 -0.873 -0.742 
  65:   M                    -0.674 -0.586  0.136  0.272 
  66:   M                    -0.576 -0.754  0.148  0.516 
  67:   U                    -0.060 -1.161 -0.204 -0.704 
  68:   U                     0.092  0.051 -1.142 -1.439 
  69:   U                    -0.729  0.064 -0.817 -1.399 
  70:   M                     0.006 -1.296 -0.064  0.217 
  71:   U                    -1.000  0.691 -0.409  0.196 
  72:   E                     1.827  1.076 -0.638  1.390 
  73:   U                    -0.847  0.221 -0.066  0.388 
  74:   U                    -0.213 -0.090 -0.836 -0.303 
  75:   M                    -0.472  0.722 -0.479  0.146 
  76:   M                    -0.196  0.313 -0.389  0.164 
  77:   M                    -0.980  0.577 -0.209 -0.255 
  78:   M                    -0.967  0.677 -0.619 -0.740 
  79:   M                    -0.349  0.917 -0.614 -0.202 
  80:   M                    -0.034  0.414  0.167  0.166 
  81:   U                     1.330  0.966 -0.498 -0.260 
  82:   M                    -0.879  0.632 -0.351 -0.463 
  83:   M                    -0.286  0.278 -0.416  0.026 
  84:   M                    -0.979  0.639 -0.548 -0.463 
  85:   U                    -0.503  0.011 -1.007 -1.763 
  86:   P                    -0.969  0.897  0.584 -0.160 
  87:   P                     0.294  2.254  4.664 -1.833 
  88:   P                    -1.144  1.029  1.235  0.196 
  89:   M                     0.981  0.276  0.069  0.583 
  90:   A                     3.265  3.122  2.109 -2.111 
  91:   A                     4.403  3.747  1.097 -2.021 
  92:   U                    -0.124 -0.429 -0.762 -2.753 
  93:   P                    -0.901  1.162  0.889  0.450 
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  94:   M                    -0.211 -0.064  0.902  1.834 
  95:   U                     1.845  0.379 -1.024  0.490 
  96:   P                    -0.575  0.952  0.410  0.485 
  97:   M                    -0.115  1.065 -0.185  2.540 
  98:   M                    -0.465  1.117 -0.198  2.341 
  99:   U                     2.465  1.719 -0.942  0.742 
 100:   U                     0.537 -0.065 -0.806 -0.555 
 101:   M                    -1.217  0.521  0.000  1.599 
 102:   M                    -1.238  0.863 -0.627 -0.745 
 103:   M                    -1.363  0.818 -0.585 -0.534 
 104:   M                    -1.227  0.777 -0.497 -0.647 
 105:   M                    -1.318  0.934 -0.250  0.007 
 106:   P                    -0.835  0.257  0.585  0.236 
 107:   M                    -1.043  0.738 -0.314  0.091 
 108:   U                    -0.507  0.061 -0.797 -0.842 
 109:   M                    -1.155  0.998  0.402  0.113 
 110:   P                    -1.134  0.824 -0.153  1.439 
 111:   M                    -0.168  0.296 -0.424  0.441 
 112:   M                    -0.955  1.118 -0.324  1.249 
 113:   U                    -0.510  0.648 -0.854 -1.045 
 114:   M                    -0.912  0.952 -0.447  1.217 
 115:   U                    -0.510  0.648 -0.854 -1.045 
 116:   M                    -0.912  0.952 -0.447  1.217 
 117:   U                    -0.798  0.335 -0.685 -1.204 
 118:   M                    -1.066  0.225 -0.222  0.029 
 119:   M                    -1.032  0.647 -0.399  0.275 
 120:   P                    -1.314  1.062  1.634 -0.356 
 121:   U                     0.195  0.261 -0.663  0.869 
 122:   U                    -1.071  0.583 -0.579 -0.462 
 123:   M                    -0.645  0.514 -0.514 -0.757 
 124:   U                     1.746  0.756 -0.617  0.567 
 125:   M                     0.621 -0.578  0.026  1.667 
 126:   U                    -0.569  0.018 -0.508 -1.313 
 127:   U                    -0.432 -0.139 -0.547 -1.495 
 128:   U                    -0.432 -0.139 -0.547 -1.495 
 129:   M                    -1.025  0.560 -0.499  0.115 
 130:   M                    -1.344  0.675 -0.156  1.435 
 131:   M                    -1.344  0.675 -0.156  1.435 
 132:   U                     0.475  0.329 -1.273 -0.343 
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Figure 11:  Cores and cortex MCA, object and variable plots with no significant detrend. 
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4.2.2  Cores and Cortex Analysis @ High Relative Elevation and Select Objects Detrend (DMCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\CC.DAT 
Actual sum of CA eigenvalues: 1.72661 
 
Eigenvalues times 100 
                             23.373 16.103 10.759  9.274 
% 
                             13.537  9.326  6.231  5.371 
 
CUM % 
                             13.537 22.863 29.095 34.466 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   PtBdle5               0.899 -1.610  0.683 -0.523 
   2:   Axes                  0.883 -1.543 -0.798  1.899 
   3:   Toolle5               0.356 -0.504 -0.628 -0.118 
   4:   Toolg5                1.985 -2.906  0.995  0.043 
   5:   LgFkle5              -0.903  0.831 -0.982 -0.115 
   6:   LgFkg5                1.631 -2.405  0.947 -0.288 
   7:   LgMdFks               1.008 -1.599  0.246  0.329 
   8:   SmFkle5              -1.189  0.810 -0.963  0.600 
   9:   SmFkg5                1.379 -1.544  0.648 -1.185 
  10:   SmMdFks               1.150 -1.942  0.639 -0.144 
  11:   WsteFkg2             -0.230 -0.170 -0.073 -0.300 
  12:   GeoMic                1.148 -1.120  1.077 -1.248 
  13:   Ret_Use               1.004 -2.486  0.923  0.389 
  14:   MSC_Fks              -0.363 -0.221 -0.380 -0.007 
  15:   Q_Fks                -0.014 -0.550 -0.071 -0.495 
  16:   B_FksCob              1.199 -0.463 -0.973  0.495 
  17:   ComplxFk              0.712 -2.367  1.244  0.411 
  18:   ClsterFk             -2.019  1.227  3.404  1.623 
  19:   SctterFk             -0.307  0.773 -1.867 -0.907 
  20:   Stencils             -1.046 -0.383  3.666  3.346 
  21:   Paint                -1.593  0.284  2.865  2.309 
  22:   Elv_600              -0.503 -0.494 -0.531  0.939 
  23:   Elv6_8               -0.422  1.436  1.494 -4.493 
  24:   Elv_800               0.946  1.770  0.195 -0.834 
  25:   HhReElv               1.413  0.767  0.110 -0.131 
  26:   H2O100               -0.873 -0.418 -0.311 -0.255 
  27:   H2O1_5                1.775  1.937  0.342  0.750 
  28:   Wells                 1.618  1.749 -0.434  2.622 
  29:   Ort_NS               -0.084  0.005 -0.068 -0.847 
  30:   Ort_EW               -0.267  0.332 -0.027  0.886 
  31:   AcsOrt               -0.026  0.612 -0.646  0.036 
  32:   RdHhPk                3.565  4.099  0.908  0.931 
  33:   RdElvTFt              2.334  2.071  1.306 -0.345 
  34:   ScndFt                1.063 -2.854 -0.236  1.355 
  35:   CliffSpr              1.600  1.757  1.087 -0.260 
  36:   Slpl20               -0.101  0.030 -1.061  0.004 
  37:   Slpg20               -0.839  0.634  3.038 -0.294 
  38:   NatDemAr              0.870 -0.139 -1.176  1.912 
  39:   NatDemFt             -0.112  0.648 -0.264  2.752 
  40:   SubMtAr              -0.900  0.012 -0.093 -0.310 
  41:   Shltr100             -1.183  0.265  0.767 -0.240 
  42:   Shltr1km              1.644 -0.055 -1.410  0.231 
  43:   RckShltr             -1.367  0.302  1.947  0.387 
  44:   Qry1km                0.607 -0.170 -1.330  0.196 
  45:   RavRivAr             -1.372 -0.133 -0.363  0.121 
  46:   LwHth                 1.571  0.716  1.025 -3.261 
  47:   GrsHth                0.503  0.016 -2.100 -0.506 
  48:   Woodlds              -0.511  0.055  0.232 -0.247 
  49:   Swamp                -0.764  0.077  1.160 -3.854 
  50:   O_RckFce              3.417  3.388  1.057  2.391 
  51:   HwkStne               0.993  1.160  2.123 -1.426 
  52:   NrrbStne              0.007  0.638  0.210 -2.345 
  53:   Vis                   3.959  4.112 -0.625  3.056 
  54:   180_Vis               2.230  0.933  1.074  0.208 
  55:   AccSub               -0.498  0.009 -0.209 -0.152 
  56:   Cmplx_St             -0.064 -0.129 -0.079  0.594 
  57:   Size100m              1.060 -0.790 -2.139 -0.592 
  58:   PxMulti              -0.586 -0.126  0.100  0.458 
  59:   PxTrTpUn             -0.255  0.643  0.194 -1.011 
  60:   PxEgv                 1.970  3.130  0.150  0.598 
  61:   PxPtg                -1.334  0.045  0.148  2.562 
  62:   Px20AGG               1.009  0.848  1.129  0.077 
  63:   PxStnArg             -0.711 -0.823  4.171  2.940 
 
CA object scores (Plot: site class: A=AGG; E= Engraving; M= 
Multidim(shelter); P= Painting(shelter); U= Unidim(open); T= 
Transit(open);  CC: X= only cortex @HRE; x= only cortex @LRE; 
C= only cores @HRE; c= only core @LRE; B= both cores and 
cortex present @HRE; b= both cores and cortex present @LRE.) 
 
   1:   MX                   -0.203  0.313 -0.007 -0.486 
   2:   UX                    1.363  1.880 -0.105 -0.344 
   3:   MX                   -0.295  0.243 -0.144 -0.515 
   4:   PX                   -0.250  1.457  1.457 -0.284 
   5:   PX                   -1.220  0.419  0.802  0.113 
   6:   MX                    1.186  1.032  1.096 -1.951 
   7:   AX                    2.426  2.907  0.314  1.009 
   8:   AX                    2.749  3.069  0.339  1.015 
   9:   UX                    1.837  1.554 -0.432  0.200 
  10:   UX                    1.978  2.491  0.193  0.936 
  11:   MX                   -0.153  0.353  0.086  0.809 
  12:   MX                   -1.171  0.882  1.083  0.166 
  13:   UX                    0.251  0.585  0.079  0.704 
  14:   Ux                   -0.884 -0.066  0.645 -2.256 
  15:   Ux                   -0.140  0.006 -0.871 -0.193 
  16:   Mx                   -0.582  0.569  0.120 -0.838 
  17:   Mx                   -1.086  0.208 -0.062 -0.085 
  18:   Mx                   -1.100  0.377 -0.804 -0.601 
  19:   Mx                   -0.453  0.975 -0.302 -0.790 
  20:   Mx                   -0.042  0.395  0.654  0.698 
  21:   Mx                   -1.018  0.392 -0.376 -0.772 
  22:   Mx                   -1.107  0.316 -0.595 -0.427 
  23:   Ux                   -0.461 -0.056 -2.026  0.033 
  24:   Px                   -1.030  0.383  0.063  0.267 
  25:   Ux                   -0.051 -0.026 -1.450 -1.463 
  26:   Px                   -0.971  0.763  0.675 -0.572 
  27:   Mx                   -0.056 -0.047  1.766 -1.582 
  28:   Px                   -0.586  0.832  0.609 -1.647 
  29:   Mx                   -0.187  1.318  2.372 -1.558 
  30:   Mx                   -0.586  1.213  2.146 -1.474 
  31:   Ux                    0.717  0.403 -0.980  0.185 
  32:   Mx                   -1.341 -0.105  1.314  1.007 
  33:   Mx                   -1.490  0.489 -0.846 -0.015 
  34:   Mx                   -1.621  0.334 -0.779  0.868 
  35:   Mx                   -1.461  0.366 -0.681  0.012 
  36:   Mx                   -1.569  0.426  0.125  0.252 
  37:   Px                   -0.778 -0.326  0.266  1.332 
  38:   Mx                   -1.224  0.337 -0.062  1.146 
  39:   Ux                   -0.504  0.001 -1.356  1.187 
  40:   Mx                   -1.401  0.433  0.539  1.763 
  41:   Px                   -1.312  0.434  1.047  0.404 
  42:   Ux                   -0.630  0.648 -1.292 -0.035 
  43:   Mx                   -1.121  0.664  0.791  1.032 
  44:   Ux                   -0.630  0.648 -1.292 -0.035 
  45:   Mx                   -1.121  0.664  0.791  1.032 
  46:   Ux                   -0.880  0.086 -1.399  1.022 
  47:   Mx                   -1.123 -0.205  0.049 -0.029 
  48:   Mx                   -1.185  0.289  0.002  0.703 
  49:   Px                   -1.469  0.192  0.655  1.736 
  50:   Ux                   -1.221  0.269 -0.651 -0.336 
  51:   MC                   -0.744  0.663 -0.532 -1.944 
  52:   UC                    1.521  1.867  0.444 -1.557 
  53:   MC                    0.858 -0.111  1.464 -1.830 
  54:   UC                    0.506  1.087 -1.402  1.708 
  55:   Uc                   -0.572  0.143 -0.888 -2.328 
  56:   Uc                   -0.381  0.035 -1.131 -2.190 
  57:   Uc                   -0.381  0.035 -1.131 -2.190 
  58:   Mc                   -1.195  0.334 -0.185  0.622 
  59:   Mc                   -1.566  0.269  1.202  0.165 
  60:   Mc                   -1.566  0.269  1.202  0.165 
  61:   MB                   -0.744  0.663 -0.532 -1.944 
  62:   MB                   -0.745  0.734 -0.497 -2.055 
  63:   MB                    0.745 -1.056  1.787 -0.040 
  64:   MB                    1.735  0.665  0.400  0.706 
  65:   MB                    2.026  1.156  0.097  0.598 
  66:   MB                    0.864 -0.357  1.901 -1.746 
  67:   UB                    0.054  0.353 -1.429 -1.186 
  68:   MB                    0.999 -1.230 -1.154 -0.561 
  69:   MB                    1.595 -0.507  0.186 -0.621 
  70:   PB                   -0.294  0.721  3.298  1.291 
  71:   MB                    0.602 -0.006 -1.013 -0.585 
  72:   PB                   -0.058  1.045  1.372 -0.389 
  73:   MB                    0.305 -0.376 -0.808 -1.301 
  74:   UB                   -0.473  0.838 -1.411 -0.796 
  75:   UB                    0.947  1.299 -0.969  1.335 
  76:   UB                    1.235 -0.072 -0.624  1.048 
  77:   UB                    1.632  2.212 -0.944  0.863 
  78:   MB                    0.664 -1.510 -0.100  0.737 
  79:   MB                    2.385  0.218  0.168  1.376 
  80:   MB                    0.122 -0.123  1.240 -0.097 
  81:   MB                    1.190 -1.999 -0.007  0.377 
  82:   MB                    1.190 -1.999 -0.007  0.377 
  83:   MB                    1.163 -2.019  0.296  0.113 
  84:   MB                    1.190 -1.999 -0.007  0.377 
  85:   MB                    1.163 -1.917 -0.089  0.461 
  86:   UB                    0.793 -0.075 -0.783  0.090 
  87:   MB                    0.960 -1.368 -0.511  0.669 
  88:   MB                    0.233 -0.877  1.185 -0.478 
  89:   MB                    0.740  0.303 -0.530  0.734 
  90:   UB                   -0.225  0.731 -1.345  0.443 
  91:   UB                    0.157  0.597 -2.167  0.571 
  92:   Ub                   -0.160 -0.777 -0.806 -1.171 
  93:   Mb                    0.389 -1.221  0.407 -0.770 
  94:   Pb                    0.135 -1.592  0.729  0.353 
  95:   Mb                    0.465 -1.103 -0.377 -0.301 
  96:   Mb                    0.489  0.439 -0.681 -0.544 
  97:   Ub                   -0.463 -0.809  0.353 -0.474 
  98:   Pb                   -1.087  0.364  0.590  0.855 
  99:   Mb                   -1.136  0.199  0.718  1.501 
 100:   Ub                   -0.535  0.373 -1.352  0.635 
 101:   Mb                   -0.508  0.384 -0.271 -0.273 
 102:   Mb                    0.441 -0.689  1.796 -1.640 
 103:   Ub                   -1.117  0.168 -1.435 -0.882 
 104:   Ub                   -0.850 -0.492 -0.717 -0.839 
 105:   Mb                    0.375 -0.682 -0.167  0.020 
 106:   Mb                    0.152 -1.505  0.922 -0.419 
 107:   Mb                    0.808 -1.321 -1.170  0.254 
 108:   Mb                   -0.370  0.025 -0.729 -0.279 
 109:   Mb                    1.383  0.153  0.901 -1.207 
 110:   Ub                    0.970 -1.463 -0.661 -0.559 
 111:   Ub                   -1.117  0.168 -1.435 -0.882 
 112:   Mb                    0.531 -1.821 -0.080  0.040 
 113:   Ub                   -0.298 -0.165 -1.398  0.154 
 114:   Mb                   -0.217 -0.308 -1.438  0.389 
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 115:   Pb                   -0.453 -0.596  0.622  1.312 
 116:   Ub                   -1.122  0.087 -1.127  0.718 
 117:   Pb                   -0.302 -1.188  1.307  1.951 
 118:   Pb                   -0.289 -1.594  1.869  0.932 
 119:   Pb                   -1.262  0.244  0.420  1.081 
 120:   Pb                   -0.732  0.693  0.692  1.814 
 121:   Mb                    0.078 -0.460 -1.559 -0.111 
 122:   Mb                   -0.091 -0.476 -1.328 -0.022 
 123:   Mb                    0.618 -2.113 -0.097  0.653 
 124:   Pb                   -1.384  0.102  0.664  1.967 
 125:   Pb                   -1.289 -0.179  0.709  0.832 
 126:   Mb                   -0.633 -1.056  0.299  0.306 
 127:   Mb                   -0.475 -1.177  0.499  0.025 
 128:   Ub                    0.230 -1.151 -0.888 -0.108 
 129:   Ub                   -0.798  0.030 -1.756  0.392 
 130:   Mb                    0.345 -1.376 -0.033 -0.145 
 131:   Ub                   -1.242  0.551  0.362 -0.936 
Figure 12:  Cores and cortex DMCA @ high relative elevation with detrend. 
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4.2.3  Core and Cortex Analysis, Combined Occurrence Only Detrend (DMCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\CRCT.DAT 
Actual sum of CA eigenvalues: 1.73117 
 
Eigenvalues times 100 
                             21.654 15.801 14.585 10.864 
% 
                             12.508  9.128  8.425  6.275 
 
CUM % 
                             12.508 21.636 30.061 36.336 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   PtBdle5               0.575 -1.097 -0.219  1.563 
   2:   PtBdg5                0.828 -1.968  1.789 -2.044 
   3:   Axes                  0.666 -0.314 -0.500 -0.275 
   4:   Toolle5               0.322  0.717 -0.434  0.836 
   5:   Toolg5                1.190 -2.724  0.427 -1.171 
   6:   LgFkle5              -0.938  1.848 -0.973 -0.224 
   7:   LgFkg5                0.862 -1.998  0.334  0.231 
   8:   LgMdFks               0.402 -0.798 -0.014  0.086 
   9:   SmFkle5              -0.825  2.062 -0.758 -0.628 
  10:   SmFkg5                0.869 -1.643  0.339  0.326 
  11:   SmMdFks               0.657 -1.378  0.232  0.077 
  12:   WsteFkg2             -0.038 -0.040 -0.321  0.072 
  13:   GeoMic                1.170 -0.882  0.794  2.396 
  14:   Ret_Use               0.397 -1.738 -0.007  0.210 
  15:   MSC_Fks              -0.076  0.069 -0.234 -0.231 
  16:   Q_Fks                -0.197 -0.316 -0.344 -0.133 
  17:   B_FksCob              0.462 -0.291 -0.218 -1.041 
  18:   Ochre                -2.944 -1.844  4.353 -3.735 
  19:   ComplxFk             -0.064 -1.615  0.337  0.756 
  20:   ClsterFk             -2.697  2.183  5.328 -2.328 
  21:   SctterFk             -0.001  1.593 -1.582 -0.436 
  22:   Stencils             -1.882 -0.852  3.849 -0.086 
  23:   Ptgle2               -2.220  0.856  2.829  3.257 
  24:   Ptgg2                -2.850  0.226  4.553 -3.625 
  25:   Ptgm2m2m             -2.850  0.226  4.553 -3.625 
  26:   Elv_600              -0.117 -0.155 -0.386 -0.768 
  27:   Elv6_8               -1.042  1.031  1.168  2.700 
  28:   Elv_800              -0.187  1.283 -0.044  1.721 
  29:   HhReElv               1.146  0.403  0.111 -0.145 
  30:   H2O100               -0.921 -0.420 -0.605  0.040 
  31:   H2O1_5                1.768  1.869  0.785 -0.474 
  32:   Wells                 2.834  2.731  3.426 -0.263 
  33:   Ort_NS                0.049 -0.084 -0.518  0.666 
  34:   Ort_EW               -0.166  0.327  0.382 -0.932 
  35:   AcsOrt                0.104  0.597 -0.678 -0.460 
  36:   RdHhPk                4.245  2.469  2.737  1.033 
  37:   RdElvTFt              2.595  0.978  1.197  1.648 
  38:   ScndFt                0.482 -2.997 -0.025 -1.778 
  39:   CliffSpr              1.819  1.489  1.215  0.521 
  40:   Slpl20               -0.128  0.228 -0.506 -0.837 
  41:   Slpg20               -0.909 -0.088  1.241  3.839 
  42:   NatDemAr              0.925 -0.739 -0.437 -1.438 
  43:   NatDemFt              0.249  0.831  1.692  0.707 
  44:   SubMtAr              -1.008  0.145 -0.499  0.348 
  45:   Shltr100             -1.364  0.428  0.569  0.857 
  46:   Shltr1km              1.447 -0.552 -0.989 -1.603 
  47:   RckShltr             -1.549 -0.166  2.422  1.148 
  48:   Qry1km                0.060 -0.769 -0.806 -0.321 
  49:   RavRivAr             -1.565  0.216 -0.617  0.086 
  50:   LwHth                 1.477  0.828 -0.376  1.657 
  51:   GrsHth                0.630  0.816 -0.876 -0.631 
  52:   Woodlds              -0.816 -0.323 -0.125  0.002 
  53:   Swamp                -1.021  0.171 -1.429  3.220 
  54:   O_RckFce              2.172  1.146  3.944  1.431 
  55:   HwkStne              -0.428 -0.321  0.719  4.421 
  56:   NrrbStne              0.121  0.507 -0.496  1.947 
  57:   Vis1000               4.203  3.658  2.022 -1.802 
  58:   Vis6_1k               4.203  3.658  2.022 -1.802 
  59:   180_Vis               1.927  0.009  0.911 -0.411 
  60:   AccSub               -0.465  0.076 -0.498 -0.308 
  61:   NoAccSub              3.876  1.632  2.190  1.237 
  62:   Cmplx_St             -0.021  0.155 -0.108 -0.119 
  63:   Size100m              0.869  0.083 -0.849 -0.301 
  64:   PxMulti              -0.514  0.007 -0.259 -0.079 
  65:   PxTrTpUn             -0.061  0.606  0.197  0.380 
  66:   PxPtg                -1.295  0.726  0.298 -0.312 
  67:   Px20AGG               0.076  0.309  0.738  1.198 
  68:   PxStnArg             -1.997 -1.053  4.513  0.621 
 
CA object scores (plot: matrix #) 
 
   1:   8                    -0.363 -0.230 -0.930  0.384 
   2:   9                    -0.039 -0.853  0.065  0.675 
   3:   20                   -0.785  1.114 -0.803  0.667 
   4:   21                   -0.823  1.168 -0.816  0.746 
   5:   27                   -0.763 -1.280  1.536 -1.368 
   6:   30                   -0.084 -1.058  1.272  1.526 
   7:   44                    1.634  0.554  1.371  1.252 
   8:   45                    2.128  1.197  1.211  1.062 
   9:   76                    0.259 -0.432 -0.650  0.260 
  10:   78                    0.897  1.146 -0.403  0.137 
  11:   94                   -1.037 -0.444 -0.497  0.926 
  12:   124                  -1.636  1.003  1.457 -0.858 
  13:   125                  -1.499  0.709  0.782  0.529 
  14:   128                  -0.694  0.689 -1.137 -0.827 
  15:   136                   0.379 -0.346  0.404  2.725 
  16:   140                  -0.745  0.807 -0.328  1.246 
  17:   159                   0.019 -0.524  0.418  2.375 
  18:   166                  -1.152  0.879 -1.527  0.028 
  19:   168                  -1.080  0.053 -1.168  0.329 
  20:   169                  -0.010 -0.384 -0.458  0.433 
  21:   174                  -0.052  1.078 -1.230  0.028 
  22:   175                  -0.351 -1.160 -0.014  0.833 
  23:   176                   0.527 -0.647 -0.874 -0.643 
  24:   177                  -0.335  0.714 -0.858 -0.311 
  25:   179                   0.821 -1.016 -0.570 -0.833 
  26:   180                   1.301  0.134  0.343  1.028 
  27:   181                   1.761 -0.116  0.263 -0.043 
  28:   182                   0.618 -0.935 -0.628 -0.629 
  29:   184                  -0.699  0.527  2.821  0.985 
  30:   219                  -1.152  0.879 -1.527  0.028 
  31:   223                   0.521  0.708 -0.856 -0.165 
  32:   224                   0.151 -1.187 -0.534 -0.362 
  33:   225                  -0.755  1.345  2.150 -0.860 
  34:   228                   0.004  0.314 -1.137  0.677 
  35:   236                  -0.516  1.357 -1.228 -0.140 
  36:   238                  -0.492  0.462 -1.094 -0.381 
  37:   239                  -0.418  0.416 -1.103 -0.397 
  38:   264                   1.456  2.095  0.273 -1.265 
  39:   265                   1.382  0.962  0.071 -1.124 
  40:   266                   2.215  2.552  0.554 -1.272 
  41:   271                   0.272 -0.887 -0.117 -0.030 
  42:   274                   2.592  0.446  1.720 -0.377 
  43:   275                  -0.306  0.190  0.319  1.430 
  44:   276                  -0.889  0.174  0.338  1.090 
  45:   300                  -1.188  0.892 -0.940 -0.793 
  46:   310                   0.670 -1.813 -0.394 -0.741 
  47:   311                   0.670 -1.813 -0.394 -0.741 
  48:   313                   0.719 -1.790 -0.267 -0.573 
  49:   315                   0.670 -1.813 -0.394 -0.741 
  50:   316                   0.646 -1.774 -0.387 -0.962 
  51:   319                  -0.922 -0.891  1.576 -1.049 
  52:   329                   0.594  0.003 -0.483 -0.619 
  53:   332                   0.623 -1.113 -0.209 -1.097 
  54:   336                  -1.448 -1.406  2.175 -0.972 
  55:   348                  -0.230 -0.628  0.228  1.642 
  56:   349                  -1.903  0.474  1.292 -1.358 
  57:   353                  -1.224  1.113  1.943 -1.120 
  58:   360                  -0.053  0.601 -1.109 -0.356 
  59:   361                  -0.259  0.536 -1.080 -0.261 
  60:   366                   0.662  0.741 -0.341 -0.599 
  61:   381                   0.179 -1.548 -0.492 -0.769 
  62:   387                  -1.971  0.323  1.794 -1.985 
  63:   388                  -1.514  0.312  0.080  1.149 
  64:   389                  -0.008  1.417 -0.759 -1.036 
  65:   391                  -0.920 -0.397 -0.262  0.235 
  66:   392                  -0.732 -0.555 -0.121  0.567 
  67:   395                   0.032 -0.510 -0.697 -0.389 
  68:   396                   0.373  1.352 -0.983 -0.994 
  69:   397                  -0.705  0.873 -1.270 -0.698 
  70:   406                  -0.019 -0.814 -0.526  0.471 
  71:   413                  -1.401  0.923 -0.784  1.878 
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Figure 13:  Core and cortex (combined occurrence only) DMCA, object and variable plots with detrend. 
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4.3  Lithic Diversity (Tools and Flakes) Experimental (D)MCA 
4.3.1  Waste Flake Analysis @ High Relative Elevation Detrend (DMCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\WASTE.DAT 
 
Actual sum of CA eigenvalues: 1.68470 
 
Eigenvalues times 100 
                             20.868 17.699 14.119 11.434 
% 
                             12.387 10.506  8.381  6.787 
 
CUM % 
                             12.387 22.892 31.273 38.060 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   PtBdle5               1.763 -0.548  0.398  0.549 
   2:   Axes                  1.163 -1.246  1.006 -0.117 
   3:   Toolle5               1.208 -0.185  0.773 -1.217 
   4:   Toolg5                2.642 -2.463  0.810  1.345 
   5:   Cores                 1.677 -0.299  0.349 -0.192 
   6:   Cortex                1.471  0.171  0.307 -0.434 
   7:   LgFkle5               0.587  1.541 -0.437 -1.710 
   8:   LgFkg5                1.776 -1.827  1.299  1.016 
   9:   LgMdFks               1.897 -1.139  0.631  0.067 
  10:   SmFkle5              -0.009  1.462 -1.150 -1.636 
  11:   SmFkg5                0.141 -1.339  0.195  1.512 
  12:   SmMdFks               1.515 -0.980  0.392  0.597 
  13:   GeoMic               -0.356 -0.812  0.354  0.840 
  14:   Ret_Use               1.378 -0.947 -0.236  0.350 
  15:   MSC_Fks               0.486  0.439 -0.365 -0.167 
  16:   Q_Fks                -0.186 -0.113 -0.565 -0.048 
  17:   B_FksCob              0.759 -1.380 -0.009 -0.522 
  18:   ComplxFk              1.739 -1.245  0.579  1.130 
  19:   ClsterFk             -2.224  2.165  0.379  5.440 
  20:   SctterFk             -0.631  0.198 -0.720 -1.522 
  21:   AGclustr             -0.678  4.964  3.530 -1.679 
  22:   Stencils              0.286  3.119  0.390  6.683 
  23:   Elv_600               0.060 -0.771 -1.436 -0.379 
  24:   Elv6_8                0.567  4.474  0.555 -0.579 
  25:   Elv_800              -1.048  0.302  1.979  0.888 
  26:   H2O100                1.136  0.530 -0.662  0.204 
  27:   H2O1_5               -1.225  0.004  0.012 -0.152 
  28:   Wells                -0.333  1.126  4.210 -2.217 
  29:   Ort_NS                1.182  0.629 -0.160  1.250 
  30:   Ort_EW               -0.817 -0.056 -0.354 -0.707 
  31:   AcsOrt                0.017  0.409 -0.576 -0.518 
  32:   RdHhPk               -1.988 -0.307  0.635  0.375 
  33:   RdElvTFt             -1.557 -0.566  0.215  0.729 
  34:   ScndFt               -0.546 -1.464 -1.416  1.783 
  35:   CliffSpr             -0.757 -0.622 -0.691 -0.017 
  36:   Slpl20               -0.194 -0.142 -0.232 -0.900 
  37:   Slpg20               -0.154  1.391 -0.646  2.782 
  38:   NatDemAr             -0.547 -0.854  0.341 -0.465 
  39:   NatDemFt             -1.543 -0.868  0.322  0.941 
  40:   SubMtAr               0.340  1.039 -0.895  0.195 
  41:   Shltr100              0.564  2.215  0.051  1.390 
  42:   Shltr1km             -0.275 -1.346 -0.961 -0.435 
  43:   RckShltr              0.513  2.463  0.381  1.930 
  44:   Qry1km                1.647 -1.425  1.022  0.506 
  45:   LwHth                -0.700  0.291  3.013 -0.497 
  46:   GrsHth                0.455 -0.049  0.603 -1.864 
  47:   Woodlds              -0.160  0.119 -1.386  0.474 
  48:   Swamp                 2.404  0.804  1.251  2.108 
  49:   O_RckFce             -1.121  0.444  4.717 -0.809 
  50:   HwkStne               0.426  1.920  2.210  0.841 
  51:   NrrbStne             -0.155  1.165  0.009 -0.262 
  52:   Vis1000              -1.849 -0.149  3.863 -0.775 
  53:   Vis6_1k              -2.450 -1.240  1.778 -0.061 
  54:   180_Vis              -0.136 -0.798  0.631 -0.514 
  55:   AccSub               -0.233  0.302 -0.737 -0.055 
  56:   NoAccSub              0.096 -1.573  4.589 -0.952 
  57:   Cmplx_St             -0.267 -0.076 -0.144  0.063 
  58:   Size100m              0.103 -0.541  0.108 -1.692 
  59:   PxMulti               1.277  0.602  0.338 -0.382 
  60:   PxTrTpUn             -0.887  0.578 -0.225  0.545 
  61:   PxEgv                -2.001 -0.536  0.005  0.121 
  62:   PxPtg                 0.652  0.878 -1.010  0.174 
  63:   Px20AGG               0.364  0.794  1.504 -0.116 
  64:   PxStnArg             -2.424 -1.019 -0.341  1.305 
 
CA object scores ((plot: site class: A=AGG; E= Engraving; M= 
Multidim(shelter); P= Painting(shelter); U= Unidim(open); T= 
Transit(open)) 
   1:   E                    -1.242  0.905  1.746 -0.467 
   2:   E                    -0.153  0.269  1.217 -0.304 
   3:   E                    -0.554  0.732  0.365  0.458 
   4:   M                     0.643  1.878 -0.946 -0.556 
   5:   M                     0.618  1.930 -0.944 -0.560 
   6:   M                     0.491  1.967 -1.049 -0.514 
   7:   A                    -0.101  2.362  1.463 -1.475 
   8:   M                     1.400  0.295  1.121  1.369 
   9:   M                     0.368  0.950 -0.654 -0.230 
  10:   M                    -0.186  1.600 -0.824  0.492 
  11:   M                     0.460 -0.456  1.948  0.162 
  12:   M                     0.062 -0.482  2.238 -0.285 
  13:   U                    -0.229  0.916  1.339 -1.226 
  14:   T                    -1.154 -0.870 -0.932 -0.191 
  15:   M                     0.349  0.911 -0.848 -0.223 
  16:   M                    -1.131  2.111  0.016  1.439 
  17:   T                    -1.182  0.337 -0.722 -0.039 
  18:   P                     0.165  2.949  0.380  0.716 
  19:   P                     0.789  2.279 -1.016 -0.107 
  20:   U                    -0.457  0.065  1.282 -0.027 
  21:   A                    -0.068  2.133  1.708 -1.052 
  22:   M                    -0.838  0.427 -0.085  2.428 
  23:   M                    -0.836  0.859 -0.388  3.698 
  24:   T                    -1.982 -0.530  1.711 -0.445 
  25:   T                    -2.409 -0.071  1.994  0.625 
  26:   T                    -2.431 -0.306  2.040  0.788 
  27:   T                    -0.785 -0.440 -0.464  0.930 
  28:   T                    -1.110 -0.497 -0.351  1.146 
  29:   M                     0.877  0.332  0.659  1.222 
  30:   M                     1.151  0.308  0.959  1.395 
  31:   U                    -0.399 -0.411  2.047 -1.089 
  32:   U                     0.526  0.534  0.028 -1.586 
  33:   M                     1.108 -1.130 -0.021 -0.457 
  34:   M                     0.537 -1.289  0.947 -0.300 
  35:   P                    -0.207  1.146 -0.543  3.249 
  36:   T                    -1.154 -0.870 -0.932 -0.191 
  37:   T                    -0.293 -0.368 -0.762 -0.768 
  38:   T                    -0.293 -0.368 -0.762 -0.768 
  39:   T                    -0.875 -0.351 -1.045 -0.889 
  40:   T                    -0.806 -0.703 -1.099  0.077 
  41:   M                     0.717 -0.101 -0.809 -1.062 
  42:   T                    -0.514 -0.068 -0.290 -0.354 
  43:   M                     1.221  0.077  0.290 -0.451 
  44:   U                     0.541  1.082 -0.614 -1.495 
  45:   U                    -0.167  0.012  0.689 -1.720 
  46:   U                     0.497 -0.788  0.383 -1.040 
  47:   M                     1.305 -0.757  0.082  0.212 
  48:   M                     0.063 -1.406  1.892 -0.399 
  49:   M                     1.143  0.632 -0.034  0.692 
  50:   T                    -1.762 -1.022 -0.722  0.534 
  51:   T                    -1.805 -0.981 -0.797  0.444 
  52:   T                    -1.762 -1.022 -0.722  0.534 
  53:   T                    -0.876  0.342 -1.629 -0.085 
  54:   T                    -0.218 -0.655 -0.833 -0.923 
  55:   T                    -0.834 -0.746 -0.798 -0.101 
  56:   T                    -0.834 -0.746 -0.798 -0.101 
  57:   M                     1.684 -1.496 -0.104  0.723 
  58:   M                     1.684 -1.496 -0.104  0.723 
  59:   T                    -0.123 -0.161 -1.861 -0.851 
  60:   M                     1.406 -1.346 -0.287  0.900 
  61:   M                     1.684 -1.496 -0.104  0.723 
  62:   M                     1.597 -1.504 -0.151  0.685 
  63:   T                     0.831 -0.221 -0.773 -0.451 
  64:   U                     0.408 -0.494 -0.500 -0.532 
  65:   T                     0.021 -0.022 -0.922 -1.295 
  66:   M                     1.149 -1.157 -0.264  0.050 
  67:   M                    -0.126 -0.393 -0.114  0.441 
  68:   T                    -1.762 -1.022 -0.722  0.534 
  69:   T                    -1.805 -0.981 -0.797  0.444 
  70:   M                     1.326  0.359  0.029  1.091 
  71:   M                     0.770  0.754 -0.798  0.208 
  72:   M                     0.472 -0.172 -0.466 -1.158 
  73:   T                    -0.562 -0.394 -0.794 -1.029 
  74:   T                    -0.921 -0.324 -0.990 -0.837 
  75:   T                    -0.592 -0.020 -1.003 -1.283 
  76:   U                     0.383  0.699 -0.719 -1.469 
  77:   U                     0.189  0.213 -0.678 -1.660 
  78:   T                     0.605  1.360 -1.040 -0.410 
  79:   U                     0.268  0.495 -0.594 -0.572 
  80:   P                    -0.091  1.529 -1.090  1.996 
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Figure 14:  Waste flake DMCA @ high relative elevation, object and variable plots with detrend. 
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Appendix D  Exploratory MCA and DMCA Analyses BMNP Project 399 
4.3.2  Small Flake Analysis @ High Relative Elevation Detrend (DMCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\SM.DAT 
 
Actual sum of CA eigenvalues: 1.67291 
 
Eigenvalues times 100 
                             18.766 17.073 13.981 10.435 
% 
                             11.217 10.205  8.357  6.238 
 
CUM % 
                             11.217 21.423 29.780 36.018 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   PtBdle5               1.823  0.065  0.299  1.001 
   2:   Axes                  1.723  1.155  0.196  0.515 
   3:   Toolle5               1.130  0.274  1.035 -1.111 
   4:   Toolg5                3.160  0.839 -0.785  2.073 
   5:   Cores                 1.650 -0.087 -0.132 -0.614 
   6:   Cortex                1.366 -0.585 -0.062 -0.632 
   7:   LgFkle5              -0.018 -1.215 -0.081 -2.309 
   8:   LgFkg5                2.472  0.973  0.119  1.775 
   9:   LgMdFks               2.371  0.659 -0.250  0.570 
  10:   SmMdFks               1.583  0.424 -0.080  1.169 
  11:   WsteFkg2             -0.066 -0.034 -0.322 -0.212 
  12:   GeoMic                0.066  0.823  0.552  1.150 
  13:   Ret_Use               1.592  0.559 -0.953  0.877 
  14:   MSC_Fks               0.187 -0.466 -0.236 -0.399 
  15:   Q_Fks                -0.114  0.089 -0.571  0.039 
  16:   B_FksCob              1.329  1.097 -0.677 -0.183 
  17:   ComplxFk              2.161  0.658 -0.391  1.603 
  18:   ClsterFk             -2.164 -3.300  0.194  3.753 
  19:   SctterFk             -0.753  0.181 -0.224 -1.543 
  20:   AGdple15             -0.614 -0.454  5.455 -1.897 
  21:   Stencils             -1.060 -3.452  0.537  4.918 
  22:   Elv_600              -0.196  0.413 -1.563 -0.336 
  23:   Elv6_8               -0.164 -3.406  1.787 -2.161 
  24:   Elv_800              -0.429  0.118  2.247  1.341 
  25:   H2O100                1.049 -1.133 -0.500  0.021 
  26:   H2O1_5               -1.229  0.349 -0.041 -0.357 
  27:   Wells                 0.600  0.544  4.584 -2.380 
  28:   Ort_NS                0.899 -1.303  0.334  0.988 
  29:   Ort_EW               -0.816  0.353 -0.501 -0.820 
  30:   AcsOrt               -0.157 -0.428 -0.192 -0.265 
  31:   RdHhPk               -1.701  1.242  0.843  0.608 
  32:   RdElvTFt             -1.338  0.907  0.507  1.114 
  33:   ScndFt               -0.770  1.018 -1.065  2.463 
  34:   CliffSpr             -0.920  0.504 -0.505  0.051 
  35:   Slpl20                0.015  0.393 -0.181 -0.952 
  36:   Slpg20               -1.134 -2.069 -0.409  1.919 
  37:   NatDemAr             -0.092  1.151  0.117  0.027 
  38:   NatDemFt             -1.585  1.414  0.802  1.387 
  39:   SubMtAr              -0.244 -1.207 -0.336 -0.143 
  40:   Shltr100             -0.214 -2.541  0.225  0.542 
  41:   Shltr1km             -0.153  1.423 -1.032 -0.349 
  42:   RckShltr             -0.379 -2.907  0.309  1.077 
  43:   Qry1km                2.276  0.818  0.054  1.416 
  44:   LwHth                 0.393  0.202  3.527 -0.080 
  45:   GrsHth                0.642  0.670  0.211 -2.120 
  46:   Woodlds              -0.546 -0.486 -1.087  0.350 
  47:   Swamp                 1.138 -1.864  1.432  2.897 
  48:   O_RckFce              0.402  0.718  5.205 -0.517 
  49:   HwkStne              -0.137 -1.105  3.139  1.094 
  50:   NrrbStne             -0.295 -0.869  0.803 -0.305 
  51:   Vis1000              -0.301  1.598  3.403 -0.552 
  52:   Vis6_1k              -1.541  2.547  1.443  0.315 
  53:   180_Vis               0.307  0.789  0.172 -0.095 
  54:   AccSub               -0.414 -0.364 -0.587 -0.319 
  55:   NoAccSub              1.325  2.166  4.103  0.402 
  56:   Cmplx_St             -0.257  0.131 -0.322 -0.056 
  57:   Size100m              0.506  0.969  0.276 -1.236 
  58:   PxMulti               1.163 -0.839 -0.139 -0.713 
  59:   PxTrTpUn             -1.005 -0.345  0.229  0.125 
  60:   PxEgv                -1.754  1.264  0.002  0.436 
  61:   PxPtg                -0.115 -1.045 -1.077 -0.873 
  62:   Px20AGG               0.398 -0.423  1.702  0.158 
  63:   PxStnArg             -2.189  1.523 -0.637  1.855 
 
 
CA object scores ((plot: site class: A=AGG; E= Engraving; M= 
Multidim(shelter); P= Painting(shelter); U= Unidim(open); T= 
Transit(open)) 
 
   1:   A                    -0.657  0.748  2.835  0.102 
   2:   E                     0.037  0.307  1.237 -0.006 
   3:   E                    -0.625 -0.324  1.007  0.886 
   4:   M                     0.138 -1.782 -0.188 -1.302 
   5:   M                     0.122 -1.821 -0.162 -1.307 
   6:   M                    -0.039 -1.804 -0.190 -1.264 
   7:   A                    -0.255 -1.064  2.266 -2.082 
   8:   M                     0.039 -0.940 -0.305 -0.362 
   9:   M                    -0.641 -1.604 -0.401 -0.048 
  10:   M                     0.001 -0.935 -0.509 -0.398 
  11:   M                    -1.520 -1.705  0.646  0.710 
  12:   T                    -1.356  0.120 -0.136  0.152 
  13:   P                    -0.463 -2.205  0.662  0.157 
  14:   P                     0.109 -2.287 -0.585 -1.072 
  15:   A                    -0.027 -0.963  2.789 -1.263 
  16:   U                     0.422  1.026  2.013 -0.152 
  17:   U                     0.602 -0.236  0.346 -1.619 
  18:   T                    -0.230  0.614 -0.594 -0.408 
  19:   T                    -0.230  0.614 -0.594 -0.408 
  20:   T                    -0.793  0.767 -0.621 -0.465 
  21:   M                     0.673  0.080 -0.637 -0.916 
  22:   P                    -0.103 -1.431  0.033 -0.427 
  23:   T                    -0.562  0.467 -0.099 -0.127 
  24:   U                     0.317 -0.855 -0.208 -1.753 
  25:   U                     0.095  0.591  0.670 -1.811 
  26:   U                     0.887  0.975 -0.223 -1.009 
  27:   U                    -0.566  1.099  0.084 -1.388 
  28:   M                    -0.868 -1.613 -1.112 -0.782 
  29:   M                    -0.956 -1.565 -1.004 -0.710 
  30:   T                    -1.340 -0.108 -1.164 -0.266 
  31:   T                    -0.126  0.898 -0.761 -0.379 
  32:   T                    -0.387  0.279 -1.343 -0.573 
  33:   T                     0.697  0.061 -0.959 -0.243 
  34:   T                    -0.018  0.346 -0.875 -0.986 
  35:   M                    -0.128  0.523  0.272  0.787 
  36:   M                     0.354 -1.048 -0.852 -0.028 
  37:   M                     0.430  0.286 -0.611 -1.074 
  38:   M                    -0.444 -2.757 -0.802  0.887 
  39:   T                    -0.484  0.796 -0.797 -0.624 
  40:   T                    -0.905  0.791 -0.842 -0.412 
  41:   T                    -0.655  0.459 -0.768 -1.056 
  42:   U                     0.142 -0.460 -0.725 -1.816 
  43:   U                     0.088  0.161 -0.386 -1.611 
  44:   T                     0.060 -1.406 -0.731 -0.895 
  45:   U                     0.023 -0.439 -0.732 -0.725 
  46:   U                    -0.508  0.653 -0.816 -1.762 
  47:   P                    -0.805 -1.866 -0.415  1.549 
  48:   M                     1.480 -0.689  0.688  1.260 
  49:   M                     0.903  0.559  1.675  0.492 
  50:   M                     0.616  0.900  2.089  0.162 
  51:   U                    -0.125 -0.216  1.735 -1.798 
  52:   T                    -1.245  1.036 -0.775 -0.265 
  53:   M                    -1.040 -1.051  0.261  1.780 
  54:   U                    -0.341  0.234  1.767 -0.025 
  55:   M                    -0.168 -0.928  0.339  0.011 
  56:   M                    -1.191 -0.698  0.092  2.042 
  57:   M                    -1.392 -1.305 -0.074  2.729 
  58:   E                    -1.455  0.977  2.115  1.449 
  59:   T                    -0.798  0.452 -0.395  0.790 
  60:   T                    -1.078  0.570 -0.188  1.132 
  61:   M                     0.722 -0.812  0.701  1.188 
  62:   M                     1.068 -0.829  0.906  1.436 
  63:   M                     1.433  0.654 -0.593 -0.250 
  64:   M                     1.009  0.969  0.402  0.149 
  65:   P                    -0.884 -1.885 -0.531  2.012 
  66:   T                    -1.245  1.036 -0.775 -0.265 
  67:   M                     1.220 -0.389  0.272 -0.659 
  68:   M                     1.474  0.242 -0.538  0.329 
  69:   M                     0.827  1.673  1.251  0.142 
  70:   T                    -1.767  1.398 -0.522  0.651 
  71:   T                    -1.853  1.371 -0.612  0.519 
  72:   T                    -1.767  1.398 -0.522  0.651 
  73:   T                    -0.862  0.761 -0.781 -0.248 
  74:   T                    -0.862  0.761 -0.781 -0.248 
  75:   M                     2.024  0.578 -1.012  1.133 
  76:   M                     2.024  0.578 -1.012  1.133 
  77:   M                     1.637  0.482 -0.986  1.177 
  78:   M                     2.024  0.578 -1.012  1.133 
  79:   M                     1.936  0.594 -1.084  1.054 
  80:   U                     0.392  0.267 -0.562 -0.553 
  81:   M                     1.377  0.592 -0.987  0.259 
  82:   T                    -1.767  1.398 -0.522  0.651 
  83:   T                    -1.853  1.371 -0.612  0.519 
  84:   M                     1.089 -0.979 -0.128  0.753 
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Figure 15:  Small flake DMCA @ high relative elevation, object and variable plots with detrend. 
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Appendix D  Exploratory MCA and DMCA Analyses BMNP Project 401 
4.3.3  Geometric Microliths Analysis No Detrend (MCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\GEOMIC.DAT 
 
Actual sum of CA eigenvalues: 1.46730 
 
Eigenvalues times 100 
                             26.944 19.989 14.677 10.816 
% 
                             18.363 13.623 10.003  7.371 
 
CUM % 
                             18.363 31.985 41.988 49.359 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   PtBdle5              -0.951  0.627  0.806  0.444 
   2:   PtBdg5                0.129  2.405 -4.942  0.308 
   3:   Axes                 -0.962  1.734 -1.313 -0.198 
   4:   Toolle5              -0.664  1.230  0.950  0.384 
   5:   Toolg5               -0.901  1.735 -2.088 -1.407 
   6:   Cores                -1.165  1.048 -0.683 -0.542 
   7:   Cortex               -1.249  0.339 -0.369  0.668 
   8:   LgFkle5              -1.682 -1.529  2.473  1.395 
   9:   LgFkg5               -1.065  1.250 -0.814 -0.712 
  10:   LgMdFks              -1.038  1.485 -1.054 -0.715 
  11:   SmFkle5              -0.181 -1.497  0.898  2.473 
  12:   SmFkg5                0.061  0.521 -0.716 -1.478 
  13:   SmMdFks              -0.903  0.040 -0.456  0.352 
  14:   WsteFkg2              0.030 -0.407 -0.112 -0.097 
  15:   Ret_Use              -1.300  0.240  0.100 -0.401 
  16:   MSC_Fks              -0.727 -0.003  0.053  0.381 
  17:   Q_Fks                 0.037 -0.491  0.224 -0.021 
  18:   B_FksCob              0.137 -0.734 -1.536 -1.172 
  19:   ComplxFk             -0.986  0.251  0.126 -1.344 
  20:   ClsterFk              4.772  3.344  5.051 -0.986 
  21:   SctterFk              0.784 -0.979 -0.276  1.392 
  22:   Stencils             -2.298  2.771 -1.169 -3.419 
  23:   Elv_600               0.117 -1.161 -1.025  0.950 
  24:   Elv6_8               -2.550  0.343  1.911 -1.060 
  25:   Elv_800               1.102  1.673  2.145 -1.668 
  26:   HhReElv               0.802  0.067 -0.066 -0.704 
  27:   H2O100               -0.669 -0.969  0.053 -0.312 
  28:   H2O1_5                1.984  1.430  0.082  1.353 
  29:   Wells                 0.042  2.448 -1.722  2.924 
  30:   Ort_NS               -0.605  0.221  1.349  1.143 
  31:   Ort_EW                0.632 -0.648 -0.841 -0.688 
  32:   AcsOrt               -0.394 -0.062 -0.435  1.938 
  33:   RdHhPk                2.244  1.027  0.222 -0.503 
  34:   RdElvTFt              1.169 -0.075  0.447 -0.562 
  35:   ScndFt                3.115 -1.936 -1.114  0.264 
  36:   CliffSpr              1.166 -0.091  0.152 -0.932 
  37:   Slpl20                0.301 -0.208 -0.438  1.055 
  38:   Slpg20               -0.531 -0.542  1.844 -3.264 
  39:   NatDemAr              0.890  0.023 -0.939  0.992 
  40:   NatDemFt              0.947  0.512 -0.585  2.031 
  41:   SubMtAr              -0.725 -0.763  0.416  0.580 
  42:   Shltr100             -1.390  0.278  0.700  0.023 
  43:   Shltr1km              0.910 -1.181 -0.897 -0.323 
  44:   RckShltr             -1.561 -0.019  1.529 -0.183 
  45:   Qry1km               -0.661  2.970 -2.367  0.003 
  46:   RavRivAr             -1.506 -1.096 -0.103  1.959 
  47:   LwHth                 1.242  2.174  4.655 -0.506 
  48:   GrsHth               -0.647  1.846 -2.444  0.325 
  49:   Woodlds              -0.029 -1.344 -0.045 -0.046 
  50:   Swamp                -1.736 -0.361  2.155  0.101 
  51:   O_RckFce              1.052  3.508  0.514  0.814 
  52:   HwkStne              -0.572  2.051  2.034 -0.882 
  53:   NrrbStne             -0.238 -0.585  0.624 -0.120 
  54:   Vis1000               2.204  3.650  1.454  1.764 
  55:   Vis6_1k               2.730  1.401  0.393  1.201 
  56:   Vis600                2.613  3.421  5.757  5.388 
  57:   180_Vis               0.764  0.917  1.247 -0.352 
  58:   AccSub                0.217 -0.822  0.402 -0.223 
  59:   NoAccSub              0.409  3.837 -2.184  1.301 
  60:   Cmplx_St              0.279 -0.289 -0.043 -0.566 
  61:   Size100m              0.318 -0.174 -1.736 -0.800 
  62:   PxMulti              -1.380 -0.037  0.553  0.543 
  63:   PxTrTpUn              1.078 -0.685  1.132 -0.502 
  64:   PxEgv                 1.478 -0.978 -0.035 -0.267 
  65:   PxPtg                -0.237 -1.109 -1.174 -2.525 
  66:   Px20AGG              -0.761  0.717 -0.244 -1.007 
  67:   PxStnArg              1.981 -0.603  0.060 -1.800 
 
CA object scores (plot: matrix #) 
 
   1:   12                    1.355  1.527  2.205  1.776 
   2:   25                   -1.533 -0.895  1.717  0.793 
   3:   26                   -0.551 -0.768 -0.128  2.566 
   4:   30                   -1.194  1.240 -0.450 -1.136 
   5:   37                   -0.525 -0.982  0.549  0.872 
   6:   44                   -0.107  1.646 -0.600  0.410 
   7:   45                    0.266  1.891 -0.355  0.696 
   8:   54                   -0.306 -1.217  0.355  1.120 
   9:   56                   -0.487 -1.085  0.597  1.030 
  10:   76                   -0.547 -0.274 -0.174  0.833 
  11:   122                   2.476  1.491  1.933 -0.329 
  12:   127                   0.820 -0.763  0.031 -2.475 
  13:   129                   1.014 -0.677  0.365 -2.348 
  14:   134                  -0.538  0.253  1.479 -0.959 
  15:   136                  -0.716  0.610  1.514 -1.150 
  16:   159                  -1.243  0.117  0.926 -0.722 
  17:   179                  -0.341  0.540 -2.228  0.027 
  18:   210                   0.484 -1.072 -0.602 -0.380 
  19:   211                   0.484 -1.072 -0.602 -0.380 
  20:   214                   0.923 -1.262 -0.161  0.139 
  21:   215                   1.124 -1.318 -0.532 -0.096 
  22:   271                  -0.742  0.237 -1.243 -0.431 
  23:   274                   0.474  1.613 -1.559  0.182 
  24:   278                  -0.329 -0.263  0.032  0.595 
  25:   281                   1.782 -0.715 -0.392  0.140 
  26:   284                   1.782 -0.715 -0.392  0.140 
  27:   337                   1.782 -0.715 -0.392  0.140 
  28:   348                  -0.959 -0.020  0.279 -0.967 
  29:   392                  -1.279 -0.708  0.394  0.543 
  30:   395                  -0.718 -0.291 -1.093  0.504 
  31:   406                  -0.826 -0.283 -0.555 -0.325 
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Figure 16:  Geometric microliths MCA, object and variable plots with no significant detrend. 
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4.3.4  Geometric Microliths Analysis Detrend (DMCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\GEOMIC.DAT 
 
Actual sum of CA eigenvalues: 1.36241 
 
Eigenvalues times 100 
                             26.222 19.486 13.830 10.525 
% 
                             19.247 14.303 10.151  7.725 
 
CUM % 
                             19.247 33.550 43.701 51.426 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   PtBdle5               1.014  0.509  0.795  0.597 
   2:   PtBdg5               -0.154  2.848 -4.987 -0.716 
   3:   Axes                  0.953  1.729 -1.109  0.466 
   4:   Toolle5               0.765  1.179  1.055  0.078 
   5:   Toolg5                0.892  1.809 -1.949 -1.359 
   6:   Cores                 1.204  1.063 -0.628 -0.615 
   7:   Cortex                1.279  0.298 -0.504  0.714 
   8:   LgFkle5               1.732 -1.844  2.137  2.221 
   9:   LgFkg5                1.102  1.290 -0.703 -0.867 
  10:   LgMdFks               1.074  1.546 -0.903 -0.852 
  11:   SmFkle5               0.167 -1.627  0.401  1.947 
  12:   SmFkg5               -0.103  0.638 -0.402 -1.247 
  13:   SmMdFks               0.907  0.031 -0.599  0.080 
  14:   WsteFkg2             -0.056 -0.391 -0.133 -0.014 
  15:   Ret_Use               1.329  0.157  0.050 -0.329 
  16:   MSC_Fks               0.744 -0.050 -0.084  0.158 
  17:   Q_Fks                -0.047 -0.523  0.132  0.003 
  18:   B_FksCob             -0.218 -0.597 -1.674 -1.860 
  19:   ComplxFk              0.999  0.206  0.237 -1.118 
  20:   SctterFk             -0.862 -0.908 -0.424  1.130 
  21:   Elv_600              -0.201 -1.078 -1.281  0.741 
  22:   Elv6_8                2.595 -0.073  2.039  0.483 
  23:   Elv_800              -0.957  1.625  2.609 -1.641 
  24:   HhReElv              -0.830  0.128  0.084 -0.660 
  25:   H2O100                0.635 -1.026 -0.132 -0.479 
  26:   H2O1_5               -1.937  1.574  0.382  1.770 
  27:   Wells                -0.004  2.731 -1.455  2.548 
  28:   Ort_NS                0.664  0.128  1.357  1.009 
  29:   Ort_EW               -0.696 -0.581 -0.904 -0.554 
  30:   AcsOrt                0.404 -0.054 -0.711  1.547 
  31:   RdHhPk               -2.238  1.193  0.692 -0.059 
  32:   RdElvTFt             -1.191  0.002  0.667 -0.576 
  33:   ScndFt               -3.389 -1.597 -0.642  1.536 
  34:   CliffSpr             -1.230  0.042  0.477 -1.042 
  35:   Slpl20               -0.319 -0.184 -0.583  1.112 
  36:   Slpg20                0.537 -0.623  2.194 -3.362 
  37:   NatDemAr             -0.914  0.147 -1.033  0.726 
  38:   NatDemFt             -0.982  0.666 -0.460  2.149 
  39:   SubMtAr               0.703 -0.844  0.305  0.999 
  40:   Shltr100              1.435  0.152  0.704  0.465 
  41:   Shltr1km             -1.033 -1.022 -0.889 -0.646 
  42:   RckShltr              1.611 -0.226  1.565  0.486 
  43:   Qry1km                0.662  3.120 -1.968  0.330 
  44:   RavRivAr              1.523 -1.196 -0.636  1.575 
  45:   LwHth                -0.909  1.827  4.824 -0.471 
  46:   GrsHth                0.644  2.004 -2.361  0.331 
  47:   Woodlds              -0.054 -1.353 -0.153  0.098 
  48:   Swamp                 1.820 -0.577  2.114  0.207 
  49:   O_RckFce             -0.864  3.474  0.832  1.107 
  50:   HwkStne               0.689  1.866  2.420 -0.807 
  51:   NrrbStne              0.220 -0.650  0.557 -0.384 
  52:   Vis1000              -1.915  3.622  1.608  1.539 
  53:   Vis6_1k              -2.683  1.543  0.749  1.821 
  54:   180_Vis              -0.662  0.879  1.335 -0.878 
  55:   AccSub               -0.234 -0.848  0.300 -0.235 
  56:   NoAccSub             -0.352  4.234 -1.529  1.103 
  57:   Cmplx_St             -0.297 -0.238  0.022 -0.466 
  58:   Size100m             -0.390  0.017 -1.769 -1.508 
  59:   PxMulti               1.415 -0.156  0.446  0.730 
  60:   PxTrTpUn             -1.096 -0.701  1.250 -0.219 
  61:   PxEgv                -1.561 -0.868  0.076 -0.122 
  62:   PxPtg                 0.166 -1.033 -1.366 -3.538 
  63:   Px20AGG               0.776  0.731 -0.109 -1.204 
  64:   PxStnArg             -2.079 -0.523  0.451 -0.710 
 
CA object scores (plot: matrix #) 
 
   1:   12                   -1.142  1.294  1.989  1.152 
   2:   25                    1.573 -1.143  1.515  1.362 
   3:   26                    0.533 -0.787 -0.461  2.235 
   4:   30                    1.123  1.036 -0.226 -0.302 
   5:   37                    0.510 -1.072  0.326  1.030 
   6:   44                    0.143  1.770 -0.311  0.458 
   7:   45                   -0.220  2.013 -0.041  0.677 
   8:   54                    0.269 -1.260  0.120  0.843 
   9:   56                    0.469 -1.181  0.352  1.221 
  10:   76                    0.549 -0.284 -0.361  0.576 
  11:   122                  -2.098  1.264  1.796  0.228 
  12:   127                  -0.896 -0.677  0.252 -2.592 
  13:   129                  -1.087 -0.593  0.687 -2.192 
  14:   134                   0.587  0.155  1.653 -0.879 
  15:   136                   0.788  0.512  1.736 -1.116 
  16:   159                   1.290  0.006  0.986 -0.596 
  17:   179                   0.306  0.691 -2.353 -0.402 
  18:   210                  -0.562 -0.996 -0.761 -1.008 
  19:   211                  -0.562 -0.996 -0.761 -1.008 
  20:   214                  -1.011 -1.194 -0.272 -0.240 
  21:   215                  -1.245 -1.192 -0.512 -0.144 
  22:   271                   0.730  0.286 -1.343 -0.559 
  23:   274                  -0.467  1.826 -1.358 -0.058 
  24:   278                   0.316 -0.284 -0.042  0.788 
  25:   281                  -1.898 -0.541 -0.148  0.711 
  26:   284                  -1.898 -0.541 -0.148  0.711 
  27:   337                  -1.898 -0.541 -0.148  0.711 
  28:   348                   0.977 -0.071  0.286 -1.109 
  29:   392                   1.298 -0.836  0.129  0.864 
  30:   395                   0.702 -0.260 -1.355  0.264 
  31:   406                   0.822 -0.278 -0.712 -0.608 
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Figure 17:  Geometric microliths DMCA, object and variable plots with  detrend. 
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4.3.5  Lithic Categories Analysis Detrend (DMCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\ARTEFACT.DAT 
 
Actual sum of CA eigenvalues: 2.05383 
 
Eigenvalues times 100 
                             42.494 28.222 21.323 19.807 
% 
                             20.690 13.741 10.382  9.644 
 
CUM % 
                             20.690 34.431 44.814 54.458 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   PtBdle5               0.472  1.026 -0.170  1.932 
   2:   PtBdg5                1.981 -0.569  2.123 -0.098 
   3:   Axes                  1.099  5.761 -1.688 -3.096 
   4:   Toolle5              -0.188  0.820  0.516  1.601 
   5:   Toolg5                1.928 -0.474  1.581 -0.389 
   6:   Cores                 0.146 -0.207  0.983 -0.318 
   7:   Cortex               -0.356 -0.218  0.654 -0.340 
   8:   LgFkle5              -1.431 -0.042  0.466 -0.747 
   9:   LgFkg5                1.740 -0.675  0.882 -0.065 
  10:   LgMdFks               0.749  0.274  1.209  0.318 
  11:   SmFkle5              -1.397  0.066 -0.416  0.454 
  12:   SmFkg5                1.498 -1.329 -0.951 -1.734 
  13:   SmMdFks               1.058 -0.053  0.327  0.768 
  14:   WsteFkg2             -0.289 -0.476 -0.910 -0.293 
  15:   GeoMic                0.968 -0.706 -3.548  2.021 
  16:   Ret_Use               0.724  1.122  0.350  1.258 
 
CA object scores ((plot: site class: A=AGG; E= Engraving; M= 
Multidim(shelter); P= Painting(shelter); U= Unidim(open); T= 
Transit(open)) 
 
   1:   A                     1.688 10.844 -3.656 -6.954 
   2:   M                    -2.142  0.125 -0.902  1.023 
   3:   A                     0.930 -1.699 -2.016 -2.279 
   4:   U                     0.912 -0.154  0.879  0.150 
   5:   M                     1.084 -0.247  1.123  0.246 
   6:   A                    -0.056  0.566 -1.958  3.374 
   7:   E                    -0.440 -0.895 -1.971 -0.655 
   8:   E                    -0.112  0.527  0.487  1.238 
   9:   T                    -1.318 -0.488 -0.481 -1.170 
  10:   T                    -2.194 -0.079  1.009 -1.676 
  11:   E                    -1.292 -0.386 -1.437  0.180 
  12:   M                    -1.020 -0.330  0.337 -0.559 
  13:   M                    -1.020 -0.330  0.337 -0.559 
  14:   M                    -1.139 -0.311  0.066 -0.509 
  15:   U                    -0.768 -0.518 -1.625  0.493 
  16:   U                    -0.004 -0.522 -1.686  1.174 
  17:   P                     1.408 -0.490  1.354 -0.201 
  18:   A                    -1.593 -0.283 -0.620 -0.437 
  19:   M                     1.246  0.634 -0.231  0.011 
  20:   M                    -0.815  0.368  0.052  0.976 
  21:   T                    -0.441  1.260  0.325  2.481 
  22:   M                    -0.212 -0.108 -1.113  1.218 
  23:   M                    -1.593 -0.283 -0.620 -0.437 
  24:   M                    -1.123  0.056  0.134  0.304 
  25:   M                    -1.293  0.293  0.661  0.542 
  26:   M                     0.890 -0.291 -0.217  0.874 
  27:   M                     0.963  0.721 -0.531  0.162 
  28:   M                    -1.123  0.056  0.134  0.304 
  29:   M                     0.748  1.758 -1.567 -3.071 
  30:   U                    -0.222 -0.973 -0.401 -1.751 
  31:   M                    -0.493 -0.654 -0.278 -0.713 
  32:   T                     0.327 -0.017 -1.817  1.892 
  33:   T                     0.930 -1.699 -2.016 -2.279 
  34:   M                    -0.212 -0.108 -1.113  1.218 
  35:   M                     2.673 -1.270  1.910 -0.143 
  36:   P                     2.301 -2.500 -2.059 -3.893 
  37:   T                     1.507 -1.555 -0.705 -1.565 
  38:   A                    -2.142  0.125 -0.902  1.023 
  39:   P                    -1.593 -0.283 -0.620 -0.437 
  40:   M                    -0.855  0.089 -0.084  0.797 
  41:   U                    -1.123  0.056  0.134  0.304 
  42:   P                    -1.123  0.056  0.134  0.304 
  43:   T                    -0.440 -0.895 -1.971 -0.655 
  44:   M                    -1.292 -0.386 -1.437  0.180 
  45:   T                    -1.292 -0.386 -1.437  0.180 
  46:   M                     0.506  0.165 -0.025  1.499 
  47:   T                    -1.318 -0.488 -0.481 -1.170 
  48:   M                    -0.439  0.293  0.632  0.733 
  49:   P                    -1.332 -0.317 -0.111 -0.522 
  50:   M                    -2.194 -0.079  1.009 -1.676 
  51:   P                    -1.044 -0.393 -0.485 -0.133 
  52:   M                     2.301 -2.500 -2.059 -3.893 
  53:   U                    -0.029 -0.968 -0.223 -1.738 
  54:   M                     1.569 -1.267  0.926 -1.843 
  55:   U                     0.187 -0.573  1.022 -1.268 
  56:   T                    -2.169  0.021  0.052 -0.331 
  57:   A                    -0.544 -0.410  1.416 -0.762 
  58:   A                    -0.544 -0.410  1.416 -0.762 
  59:   T                     1.400  6.477 -1.451 -2.067 
  60:   A                    -1.593 -0.283 -0.620 -0.437 
  61:   U                    -0.147 -0.996  0.121 -2.110 
  62:   T                     2.485 -1.887 -0.076 -2.023 
  63:   T                     0.357 -0.254  0.240 -0.033 
  64:   P                    -0.493 -0.654 -0.278 -0.713 
  65:   M                     1.147 -0.347 -0.640 -0.002 
  66:   M                     0.930 -1.699 -2.016 -2.279 
  67:   E                     1.963 -1.301 -0.677 -1.086 
  68:   T                    -0.440 -0.895 -1.971 -0.655 
  69:   T                    -0.440 -0.895 -1.971 -0.655 
  70:   T                     0.523 -1.113 -4.827  1.941 
  71:   P                    -0.605  0.058  0.774  0.216 
  72:   M                    -1.165 -0.190  0.913 -0.536 
  73:   T                     1.113 -1.575 -3.903 -0.002 
  74:   U                    -0.839 -0.292  1.516 -1.050 
  75:   T                     1.113 -1.575 -3.903 -0.002 
  76:   M                     1.045 -0.342 -0.213  0.546 
  77:   M                     0.910 -0.073 -0.130  1.052 
  78:   M                     1.125 -0.778  0.438 -0.505 
  79:   M                    -0.665  0.260  0.348  0.734 
  80:   U                    -0.117 -0.614  0.114 -0.139 
  81:   P                    -1.061 -0.461  0.151 -1.030 
  82:   M                     0.910 -0.073 -0.130  1.052 
  83:   M                    -0.493 -0.654 -0.278 -0.713 
  84:   U                    -1.020 -0.330  0.337 -0.559 
  85:   U                    -0.740 -0.445  0.645 -0.955 
  86:   M                     0.281 -0.110  0.879  0.597 
  87:   M                    -0.493 -0.654 -0.278 -0.713 
  88:   U                    -0.605  0.058  0.774  0.216 
  89:   M                     1.177 -0.190  0.858  0.255 
  90:   M                     0.929  1.034  0.237  0.006 
  91:   M                    -0.332 -0.176  0.715 -0.051 
  92:   T                    -0.522  0.217  1.812 -0.483 
  93:   M                     1.446 -0.834  0.510 -0.029 
  94:   M                     1.242 -0.742  1.023 -0.576 
  95:   M                     1.242 -0.742  1.023 -0.576 
  96:   U                     1.242 -0.742  1.023 -0.576 
  97:   M                    -0.638  0.319 -0.443  0.671 
  98:   P                     0.383 -1.050 -0.121 -1.510 
  99:   U                    -0.531  0.010  1.679 -0.573 
 100:   T                    -1.593 -0.283 -0.620 -0.437 
 101:   T                     0.930 -1.699 -2.016 -2.279 
 102:   T                     0.131 -0.551 -2.461  1.656 
 103:   T                     0.131 -0.551 -2.461  1.656 
 104:   M                    -2.142  0.125 -0.902  1.023 
 105:   T                    -0.367 -0.700 -3.517  1.636 
 106:   T                     0.523 -1.113 -4.827  1.941 
 107:   T                    -0.440 -0.895 -1.971 -0.655 
 108:   U                    -0.493 -0.654 -0.278 -0.713 
 109:   M                    -2.194 -0.079  1.009 -1.676 
 110:   U                    -1.020 -0.330  0.337 -0.559 
 111:   M                    -1.593 -0.283 -0.620 -0.437 
 112:   M                    -0.267  0.495  0.646  0.967 
 113:   M                     0.867 -0.155  0.736  0.299 
 114:   P                    -0.555  0.113  0.913  0.530 
 115:   T                    -1.593 -0.283 -0.620 -0.437 
 116:   M                     0.116 -0.035  0.488  0.119 
 117:   U                    -0.029 -0.968 -0.223 -1.738 
 118:   U                    -0.029 -0.968 -0.223 -1.738 
 119:   T                    -0.113 -1.158 -1.006 -2.075 
 120:   U                    -0.029 -0.968 -0.223 -1.738 
 121:   T                    -0.454  0.669  0.229  1.021 
 122:   U                    -1.020 -0.330  0.337 -0.559 
 123:   U                    -0.605  0.058  0.774  0.216 
 124:   M                    -0.319  1.406  0.221 -0.680 
 125:   T                     1.172  4.963 -1.089  0.071 
 126:   M                    -1.318 -0.488 -0.481 -1.170 
 127:   P                    -1.241  0.731  1.062  0.958 
 128:   M                    -2.194 -0.079  1.009 -1.676 
 129:   M                    -2.194 -0.079  1.009 -1.676 
 130:   M                    -0.471  0.454  0.466  0.665 
 131:   U                    -0.899 -0.020  0.468  0.133 
 132:   U                     0.084  1.086  0.047 -0.652 
 133:   U                    -1.165 -0.190  0.913 -0.536 
 134:   M                    -2.169  0.021  0.052 -0.331 
 135:   M                    -1.627 -0.121  0.507 -0.472 
 136:   M                    -2.169  0.021  0.052 -0.331 
 137:   M                    -1.627 -0.121  0.507 -0.472 
 138:   M                     1.246  0.634 -0.231  0.011 
 139:   M                    -1.344 -0.144  0.256  0.125 
 140:   T                    -0.539  0.788 -0.057  1.575 
 141:   M                     1.416 -0.568  0.531  0.231 
 142:   M                     0.080  0.287  0.974  0.631 
 143:   P                    -0.073  1.529  0.216  0.171 
 144:   A                     1.688 10.844 -3.656 -6.954 
 145:   M                     0.306  2.047 -1.814  1.244 
 146:   T                     1.113 -1.575 -3.903 -0.002 
 147:   T                     0.930 -1.699 -2.016 -2.279 
 148:   T                     1.113 -1.575 -3.903 -0.002 
 149:   M                    -0.207  0.963 -0.273  2.226 
 150:   M                    -0.207  0.963 -0.273  2.226 
 151:   T                    -1.292 -0.386 -1.437  0.180 
 152:   P                    -0.440 -0.895 -1.971 -0.655 
 153:   P                    -1.292 -0.386 -1.437  0.180 
 154:   M                     0.264 -0.574  0.502  0.435 
 155:   U                    -1.165 -0.190  0.913 -0.536 
 156:   M                    -1.318 -0.488 -0.481 -1.170 
 157:   T                    -0.207  0.963 -0.273  2.226 
 158:   T                     1.507 -1.555 -0.705 -1.565 
 159:   T                     1.507 -1.555 -0.705 -1.565 
 160:   T                     1.688 10.844 -3.656 -6.954 
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 161:   M                     1.177 -0.190  0.858  0.255 
 162:   M                     1.177 -0.190  0.858  0.255 
 163:   T                    -1.292 -0.386 -1.437  0.180 
 164:   M                     1.177 -0.190  0.858  0.255 
 165:   P                     0.930 -1.699 -2.016 -2.279 
 166:   M                     1.177 -0.190  0.858  0.255 
 167:   M                     1.227 -0.426  0.992 -0.198 
 168:   M                    -1.332 -0.317 -0.111 -0.522 
 169:   P                     0.964 -0.228  1.469  0.291 
 170:   T                    -0.057  0.645  0.372  1.487 
 171:   P                    -0.048  1.498 -0.003  0.150 
 172:   M                    -1.332 -0.317 -0.111 -0.522 
 173:   U                     0.097 -0.404  0.336 -0.341 
 174:   T                    -0.150  0.278  0.372  0.657 
 175:   U                    -1.332 -0.317 -0.111 -0.522 
 176:   M                     1.434  0.539  0.897 -0.815 
 177:   M                    -1.332 -0.317 -0.111 -0.522 
 178:   M                     0.189  1.806 -0.224  0.168 
 179:   P                     0.996 -0.720  0.679 -0.534 
 180:   T                     1.113 -1.575 -3.903 -0.002 
 181:   T                    -2.194 -0.079  1.009 -1.676 
 182:   M                    -2.194 -0.079  1.009 -1.676 
 183:   M                    -2.194 -0.079  1.009 -1.676 
 184:   T                     0.930 -1.699 -2.016 -2.279 
 185:   M                     0.929 -0.273 -0.104  0.722 
 186:   P                    -1.020 -0.330  0.337 -0.559 
 187:   P                    -1.332 -0.317 -0.111 -0.522 
 188:   P                    -0.659 -0.191  0.718 -0.348 
 189:   T                    -0.458  1.192  0.961  1.583 
 190:   M                    -0.103  1.240  0.274 -0.412 
 191:   M                    -0.103  1.240  0.274 -0.412 
 192:   M                    -0.511  0.226  0.490  0.243 
 193:   M                    -0.167  0.269  0.765  0.676 
 194:   M                    -1.627 -0.121  0.507 -0.472 
 195:   T                    -0.396  2.421 -0.952 -1.089 
 196:   T                    -0.492  0.448 -0.704  1.064 
 197:   T                    -0.917  0.314 -0.276  0.376 
 198:   U                    -1.332 -0.317 -0.111 -0.522 
 199:   M                    -1.332 -0.317 -0.111 -0.522 
 200:   U                    -1.332 -0.317 -0.111 -0.522 
 201:   M                    -1.332 -0.317 -0.111 -0.522 
 202:   M                     1.273  0.701  0.529 -0.875 
 203:   U                    -1.332 -0.317 -0.111 -0.522 
 204:   P                    -0.160 -0.401  1.771 -0.742 
 205:   P                    -1.020 -0.330  0.337 -0.559 
 206:   U                    -0.727 -0.394  0.168 -0.281 
 207:   A                    -2.142  0.125 -0.902  1.023 
 208:   M                     0.004  0.398  0.799  0.581 
 209:   M                     0.248  0.105 -0.500  1.203 
 210:   M                    -1.044 -0.393 -0.485 -0.133 
 211:   U                     1.053 -0.597 -0.598  0.365 
 212:   U                    -1.020 -0.330  0.337 -0.559 
 213:   U                    -1.020 -0.330  0.337 -0.559 
 214:   M                    -1.139 -0.311  0.066 -0.509 
 215:   M                    -1.044 -0.393 -0.485 -0.133 
 216:   P                    -1.627 -0.121  0.507 -0.472 
 217:   T                    -1.014  0.269 -0.557  0.755 
 218:   U                    -1.332 -0.317 -0.111 -0.522 
 219:   M                    -0.788 -0.386 -0.247 -0.116 
 220:   M                    -0.788 -0.386 -0.247 -0.116 
 221:   M                     0.890 -0.291 -0.217  0.874 
 222:   T                    -2.194 -0.079  1.009 -1.676 
 223:   P                    -2.169  0.021  0.052 -0.331 
 224:   U                    -1.371 -0.114  0.745 -0.456 
 225:   P                    -2.142  0.125 -0.902  1.023 
 226:   U                    -1.020 -0.330  0.337 -0.559 
 227:   M                    -1.292 -0.386 -1.437  0.180 
 228:   U                    -1.332 -0.317 -0.111 -0.522 
 229:   P                    -1.292 -0.386 -1.437  0.180 
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Figure 18:  Lithic categories DMCA, object and variable plots with detrend. 
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4.3.6  Implement Analysis No Detrend (MCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\AT.DAT 
 
Actual sum of CA eigenvalues: 2.30080 
 
Eigenvalues times 100 
                             24.819 15.637 13.107 11.014 
% 
                             10.787  6.796  5.697  4.787 
 
CUM % 
                             10.787 17.583 23.280 28.067 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   PtBdle5               0.283 -1.098  0.325  0.274 
   2:   PtBdg5                0.535 -2.832  4.063  3.104 
   3:   Axes                  0.236 -0.761  2.291 -3.757 
   4:   Toolle5              -0.239 -0.379 -0.317 -0.294 
   5:   Toolg5                0.668 -3.496  2.925  1.832 
   6:   Cores                -0.431 -1.074  0.398  0.549 
   7:   Cortex               -0.553  0.053  0.063  0.421 
   8:   GeoMic                1.174 -0.978 -0.894  0.959 
   9:   LgMdFks               0.160 -1.770  1.178  0.747 
  10:   SmMdFks               0.434 -1.803  1.122  1.040 
  11:   Ret_Use               0.195 -1.687  0.769 -0.316 
  12:   LgFkle5              -0.869  0.701 -0.871 -0.609 
  13:   LgFkg5                0.442 -2.912  2.148  1.906 
  14:   SmFkle5              -0.741  0.798 -1.123 -0.374 
  15:   SmFkg5                0.720 -1.821  1.104  0.878 
  16:   WsteFkg2             -0.277 -0.263 -0.378  0.171 
  17:   MSC_Fks              -0.453 -0.109 -0.224  0.132 
  18:   Q_Fks                -0.104 -0.531 -0.265  0.058 
  19:   B_FksCob              0.528 -0.969  0.479 -1.252 
  20:   Ochre                -1.221  0.239  5.051  2.187 
  21:   ComplxFk              0.053 -1.775  1.345  1.320 
  22:   ClsterFk             -0.844  2.383 -0.427  1.526 
  23:   SctterFk             -0.209  0.034 -1.360 -0.846 
  24:   IF                   -0.264 -1.014  3.203-10.920 
  25:   StnArg                1.977 -0.146 -0.165 -3.282 
  26:   AGGle5                3.110  2.321  5.393 -4.216 
  27:   AGGl5g20              2.767  4.758  6.176  0.287 
  28:   AGGge20               3.283  7.137  9.150 -6.062 
  29:   AGline                5.727  5.300  2.574 -0.739 
  30:   AGclustr              0.353  4.306 11.398 -6.162 
  31:   AGdple15              4.677  3.560  0.705 -1.160 
  32:   AGdpg15               2.590  4.434  7.896 -3.190 
  33:   Egvg2                 5.222  4.522  1.023  3.145 
  34:   Egvm2m2m              7.216  6.808  3.247  3.511 
  35:   Stencils             -1.211  1.906  4.474  1.962 
  36:   Ptgle2               -1.731  1.431  0.742  0.377 
  37:   Ptgg2                -1.792  2.690  2.911  3.417 
  38:   Ptgm2m2m             -1.792  2.690  2.911  3.417 
  39:   Elv_600              -0.532 -0.271 -0.083 -0.762 
  40:   Elv6_8               -0.653  1.018 -0.293 -0.180 
  41:   Elv_800               1.470  1.233 -0.427  1.620 
  42:   HhReElv               1.274 -0.260 -0.437 -0.357 
  43:   H2O100               -0.992  0.053 -0.077  0.062 
  44:   H2O1_5                1.645  0.399 -0.389 -0.925 
  45:   Wells                 1.315  0.426 -1.013  1.762 
  46:   Ort_NS               -0.293  0.083  0.652 -1.302 
  47:   Ort_EW                0.008  0.216 -0.854  0.718 
  48:   AcsOrt               -0.040  0.180 -0.240 -1.051 
  49:   RdHhPk                3.160  1.250 -0.761  0.275 
  50:   RdElvTFt              2.000  0.280 -1.070  0.499 
  51:   ScndFt                1.045 -1.669  0.706  0.766 
  52:   CliffSpr              1.393  0.030 -0.944 -0.786 
  53:   Slpl20               -0.078  0.075 -0.103 -0.371 
  54:   Slpg20               -0.633  0.459 -0.396 -0.047 
  55:   NatDemAr              0.894 -0.387 -0.314 -0.239 
  56:   NatDemFt              0.687  0.956 -0.137  0.408 
  57:   SubMtAr              -0.929  0.471  0.087 -0.277 
  58:   Shltr100             -1.140  0.993  0.082  0.611 
  59:   Shltr1km              1.014 -1.199 -0.454 -0.949 
  60:   RckShltr             -1.258  1.423  0.393  1.187 
  61:   Qry1km               -0.047 -0.852  0.448 -0.446 
  62:   RavRivAr             -1.439  0.607  0.213 -0.568 
  63:   LwHth                 1.891  0.392 -0.403  2.494 
  64:   GrsHth               -0.063 -0.937 -0.099 -1.056 
  65:   Woodlds              -0.451  0.124 -0.121 -0.358 
  66:   Swamp                -1.052  0.071 -0.589  0.944 
  67:   O_RckFce              3.547  2.062  0.214  1.932 
  68:   HwkStne               1.258  1.658  1.942  0.250 
  69:   NrrbStne              0.123  0.281 -0.703  0.162 
  70:   Vis1000               3.654  1.410 -1.413  1.740 
  71:   Vis6_1k               3.918  1.574 -1.053  0.588 
  72:   Vis600                5.123  4.590  0.822 -0.126 
  73:   180_Vis               1.840 -0.373 -0.500  0.410 
  74:   AccSub               -0.354  0.172 -0.189 -0.394 
  75:   NoAccSub              3.155 -0.424  0.060  1.275 
  76:   Cmplx_St              0.018 -0.082 -0.256  0.264 
  77:   Size100m              0.530 -1.600 -0.186 -1.135 
  78:   PxMulti              -0.825  0.302  0.154  0.557 
  79:   PxTrTpUn              0.225  0.519 -0.466 -0.105 
  80:   PxEgv                 2.248  0.971 -1.478  0.108 
  81:   PxPtg                -1.138  0.790 -0.012  0.557 
  82:   Px20AGG               0.435  0.408  0.483  0.788 
  83:   PxStnArg              1.296  0.238 -0.474  0.024 
 
CA object scores (plot: matrix #) 
 
   1:   3                     0.922  0.855  3.889 -5.873 
   2:   12                    2.994  2.241 -0.027  0.293 
   3:   99                    2.728  2.356  1.274 -0.475 
   4:   100                   3.280  2.609  1.698 -1.145 
   5:   277                  -0.011  3.029  4.927 -2.880 
   6:   14                    1.608  0.883 -0.437  0.923 
   7:   118                   3.594  2.688  1.172  1.160 
   8:   9                    -0.019 -1.179  0.789  1.526 
   9:   20                   -0.690  0.388 -0.771 -0.414 
  10:   21                   -0.679  0.422 -0.779 -0.456 
  11:   22                   -0.668  0.401 -0.820 -0.502 
  12:   30                    0.173 -0.830  1.425  1.042 
  13:   32                   -0.642  0.729 -0.549  0.215 
  14:   37                   -0.266  0.223 -0.757  0.224 
  15:   42                   -0.883  0.628 -0.667 -0.501 
  16:   43                   -1.096  0.700 -0.611 -0.588 
  17:   44                    1.226 -0.533  0.041  1.008 
  18:   45                    1.675 -0.204 -0.141  0.585 
  19:   48                   -0.421  0.674 -1.080 -0.174 
  20:   49                   -0.075  0.479  0.153 -0.250 
  21:   53                   -0.868  0.623 -0.722 -0.130 
  22:   56                   -0.311  0.191 -0.839  0.141 
  23:   67                   -1.018  0.669 -0.724 -0.210 
  24:   76                   -0.047 -1.188  0.140 -0.136 
  25:   78                    0.382 -0.452 -0.705 -0.535 
  26:   93                    0.755 -0.114  0.057 -0.272 
  27:   115                   0.774  0.351 -0.352  0.822 
  28:   125                  -0.720  0.784 -0.315  0.827 
  29:   134                   0.417 -0.604  0.136  1.034 
  30:   136                   0.347 -0.597  0.300  1.279 
  31:   139                  -0.312  0.149  0.794  1.695 
  32:   140                  -0.565  0.299 -0.575  0.115 
  33:   159                  -0.176 -0.779  0.284  0.888 
  34:   160                  -0.306  0.954 -0.551  0.377 
  35:   169                  -0.102 -0.922  0.152  0.469 
  36:   170                  -0.555  1.015 -0.732  0.326 
  37:   175                   0.015 -0.448  2.215  0.165 
  38:   176                   0.076 -1.555  0.839 -1.753 
  39:   177                  -0.520 -0.277 -0.600 -0.129 
  40:   179                   0.296 -2.142  0.700  0.594 
  41:   180                   0.746 -1.081  0.102  0.547 
  42:   181                   1.092 -1.630  0.117  1.019 
  43:   183                  -0.257  0.634 -0.565 -0.347 
  44:   223                   0.134 -0.754 -0.530 -1.121 
  45:   224                  -0.230 -1.734  0.715  0.477 
  46:   228                  -0.146 -0.683 -0.142  0.072 
  47:   239                  -0.588 -0.360  0.040 -1.043 
  48:   262                  -1.258  0.763 -0.369  0.481 
  49:   268                  -1.247  0.968 -0.828 -0.236 
  50:   270                  -1.444  0.996 -0.676  0.010 
  51:   271                   0.023 -1.471  0.818  0.260 
  52:   272                  -1.211  0.908 -0.716 -0.123 
  53:   274                   1.834 -1.294  0.347  1.306 
  54:   275                  -0.241 -0.184  0.157  0.385 
  55:   278                  -0.026 -0.348 -0.041 -0.641 
  56:   289                  -0.218 -0.227 -0.126 -0.287 
  57:   290                  -0.222 -0.076 -0.224 -0.206 
  58:   310                   0.300 -2.127  1.028  0.498 
  59:   311                   0.300 -2.127  1.028  0.498 
  60:   313                   0.366 -2.089  0.941  0.658 
  61:   315                   0.300 -2.127  1.028  0.498 
  62:   316                   0.291 -2.101  1.033  0.487 
  63:   317                  -1.328  1.112 -0.381 -0.346 
  64:   328                  -0.961  0.953 -0.420 -0.057 
  65:   332                   0.275 -1.858  1.003  0.157 
  66:   333                  -1.110  1.340  0.199  0.144 
  67:   334                   1.666  0.568  0.536 -1.065 
  68:   348                  -0.227 -0.690  0.634  0.577 
  69:   360                  -0.367 -0.708  0.059 -1.128 
  70:   361                  -0.477 -0.552  0.093 -1.069 
  71:   362                  -0.355  0.091 -0.415 -0.523 
  72:   366                   0.264 -0.553 -0.593 -0.279 
  73:   367                  -0.987  1.108 -0.559 -0.494 
  74:   372                  -0.919  1.012 -0.625  0.390 
  75:   374                  -0.919  1.012 -0.625  0.390 
  76:   381                  -0.147 -1.915  1.188  0.265 
  77:   391                  -0.910 -0.399  0.199  0.469 
  78:   392                  -0.744 -0.492  0.078  0.610 
  79:   393                  -1.074  0.388 -0.306 -0.320 
  80:   398                  -1.019  0.564 -0.707 -0.101 
  81:   399                  -1.000  0.681 -0.675 -0.060 
  82:   403                  -1.274  0.849 -0.542  0.638 
  83:   404                  -1.274  0.849 -0.542  0.638 
  84:   406                  -0.254 -1.283  0.318  0.726 
  85:   27                   -0.258  0.100  4.370  0.811 
  86:   70                   -1.071  1.221  0.153  0.800 
  87:   79                    0.048  2.820  3.325 -0.253 
  88:   85                   -1.294  1.426  0.370  1.427 
  89:   112                  -1.041  1.373  0.213  1.321 
  90:   124                  -1.004  1.192  0.228  1.449 
  91:   158                  -0.724  1.233  0.063  1.086 
  92:   184                  -0.165  0.715  0.331  0.295 
  93:   225                  -0.321  0.967  0.040  0.942 
  94:   259                  -1.414  1.510  0.721  1.475 
  95:   276                  -0.750  0.168  0.922 -0.037 
  96:   319                  -0.526 -0.351  1.620  1.775 
  97:   326                  -0.918  0.701  0.604  0.426 
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  98:   336                  -0.746 -0.441  1.820  1.848 
  99:   349                  -1.387  1.168  1.287  1.051 
 100:   352                  -1.219  0.995 -0.248  0.091 
 101:   353                  -0.828  1.222  0.281  1.518 
 102:   387                  -1.350  1.237  0.661  1.436 
 103:   388                  -1.320  0.386  0.071  0.147 
 104:   400                  -1.458  1.652  1.098  1.019 
 105:   35                    0.664  0.564 -0.990  0.738 
 106:   54                   -0.035 -0.116 -0.743 -0.406 
 107:   102                  -0.829 -0.253  1.148 -4.525 
 108:   110                  -0.338 -0.503  0.876 -1.791 
 109:   122                   2.610  1.185 -1.549  1.507 
 110:   127                   1.031 -0.300 -0.897  0.291 
 111:   129                   1.268 -0.308 -1.053  0.409 
 112:   178                  -0.375  0.097 -0.904 -0.653 
 113:   210                   0.662 -0.447 -1.056 -0.219 
 114:   211                   0.662 -0.447 -1.056 -0.219 
 115:   214                   0.860 -0.278 -1.577 -0.506 
 116:   215                   0.919 -0.509 -1.005 -0.904 
 117:   235                  -0.147 -0.542 -0.385 -1.452 
 118:   244                   0.189 -0.376  0.028 -1.355 
 119:   273                  -0.531 -0.455 -0.772 -0.829 
 120:   281                   1.589 -0.014 -1.167 -0.081 
 121:   284                   1.589 -0.014 -1.167 -0.081 
 122:   304                   0.797 -0.488 -1.010 -0.728 
 123:   307                   0.135 -0.666  0.947 -5.535 
 124:   323                   0.176 -0.905 -0.338 -0.286 
 125:   330                   0.304 -0.685 -0.654 -1.118 
 126:   337                   1.589 -0.014 -1.167 -0.081 
 127:   356                  -0.541 -0.282  0.128 -3.423 
 128:   368                   0.734 -0.258 -0.771 -1.397 
 129:   369                   0.843 -0.175 -1.117 -0.816 
 130:   370                   0.645 -0.122 -1.166 -0.903 
 131:   401                  -0.796  0.475 -0.633  0.148 
 132:   8                    -0.620 -0.791  0.293 -0.341 
 133:   25                   -0.969  0.376 -0.422  0.408 
 134:   26                   -0.290 -0.112 -0.694 -0.057 
 135:   51                    1.024  0.491 -0.729  0.423 
 136:   69                   -0.720 -0.176 -0.572 -1.068 
 137:   92                    1.470  0.222 -0.479  0.334 
 138:   94                   -0.769 -0.302  0.790  0.376 
 139:   108                  -0.344 -0.403  0.317 -2.482 
 140:   128                  -0.547  0.207 -0.670 -0.110 
 141:   147                   1.617 -0.069 -0.706  0.823 
 142:   166                  -1.207  0.127 -0.547 -0.415 
 143:   168                  -1.112 -0.291 -0.029 -0.003 
 144:   174                  -0.148 -0.197 -0.753 -0.081 
 145:   182                   0.087 -2.071  0.981  0.190 
 146:   186                   2.146  0.975 -1.027  0.199 
 147:   217                   0.492 -0.429 -1.093 -0.311 
 148:   219                  -1.207  0.127 -0.547 -0.415 
 149:   229                  -0.841 -0.157 -0.284 -0.495 
 150:   230                  -0.687 -0.335 -0.238 -0.859 
 151:   232                  -0.687 -0.335 -0.238 -0.859 
 152:   236                  -0.464  0.273 -0.944 -0.208 
 153:   238                  -0.627 -0.301 -0.190 -0.660 
 154:   264                   0.875  0.233 -1.176  0.214 
 155:   265                   0.799 -0.770 -0.215 -0.394 
 156:   266                   1.431  0.247 -1.405 -0.419 
 157:   300                  -1.071  0.299 -0.561 -0.285 
 158:   329                   0.312 -0.793 -0.404 -0.272 
 159:   331                  -0.504  0.125 -0.692  0.031 
 160:   371                  -0.510  0.597 -0.726 -0.539 
 161:   373                  -0.510  0.597 -0.726 -0.539 
 162:   386                  -0.915  0.296 -0.582 -0.431 
 163:   389                  -0.325  0.034 -0.818 -0.479 
 164:   395                  -0.269 -1.193  0.116  0.006 
 165:   396                   0.004 -0.263 -0.768 -1.218 
 166:   397                  -0.875  0.007 -0.495 -0.735 
 167:   402                   0.052 -0.083 -0.777 -0.278 
 168:   409                   0.413 -0.068 -1.155 -0.734 
 169:   413                  -1.056  0.747 -0.342 -0.274 
 170:   416                  -1.080  0.632 -0.838 -0.123 
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Figure 19:  Implement MCA, object plot with no significant detrend. 
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Figure 20:  Implement MCA, variable plot with no significant detrend. 
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4.3.7  Implement Analysis Detrend (DMCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\ADT.DAT 
 
Actual sum of CA eigenvalues: 1.98019 
 
Eigenvalues times 100 
                             23.518 14.679 11.392 10.613 
% 
                             11.877  7.413  5.753  5.360 
 
CUM % 
                             11.877 19.290 25.043 30.402 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   PtBdle5               0.349 -1.210  0.099 -0.524 
   2:   PtBdg5                0.754 -3.867  4.028 -1.507 
   3:   Axes                  0.224 -1.415  1.171  4.446 
   4:   Toolle5              -0.196 -0.357 -0.636  0.124 
   5:   Toolg5                0.945 -4.191  2.330 -1.155 
   6:   Cores                -0.337 -1.240  0.091 -0.633 
   7:   Cortex               -0.560 -0.063  0.135 -0.441 
   8:   GeoMic                1.412 -0.357 -0.565 -1.287 
   9:   LgMdFks               0.291 -2.085  0.718 -0.588 
  10:   SmMdFks               0.579 -2.040  0.751 -0.867 
  11:   Ret_Use               0.321 -1.877  0.197  0.336 
  12:   LgFkle5              -0.933  0.797 -0.942  0.289 
  13:   LgFkg5                0.701 -3.401  1.657 -1.484 
  14:   SmFkle5              -0.803  0.994 -1.020 -0.055 
  15:   SmFkg5                0.935 -1.906  0.831 -0.536 
  16:   WsteFkg2             -0.216 -0.131 -0.388 -0.351 
  17:   MSC_Fks              -0.443 -0.115 -0.313 -0.295 
  18:   Q_Fks                -0.027 -0.421 -0.428 -0.214 
  19:   B_FksCob              0.632 -1.032 -0.220  1.304 
  20:   ComplxFk              0.164 -2.173  1.174 -1.226 
  21:   ClsterFk             -1.024  2.518  1.437 -0.947 
  22:   SctterFk             -0.145  0.434 -1.744  0.287 
  23:   IF                   -0.269 -1.926 -0.822 12.751 
  24:   AGline                4.896  4.331  3.514  1.555 
  25:   AGclustr             -0.489  0.629 10.268 10.746 
  26:   AGdpg15               1.785  1.821  7.642  6.130 
  27:   Stencils             -1.479  0.590  6.253  0.764 
  28:   AllPaint             -2.048  1.607  4.545 -0.782 
  29:   Ptgm2m2m             -2.077  1.709  4.917 -0.955 
  30:   Elv_600              -0.508 -0.307 -0.448  0.590 
  31:   Elv6_8               -0.699  1.082  0.076  0.615 
  32:   Elv_800               1.435  1.541  0.622 -1.403 
  33:   HhReElv               1.390  0.164 -0.250  0.414 
  34:   H2O100               -1.015 -0.100 -0.250 -0.247 
  35:   H2O1_5                1.699  0.852 -0.079  1.192 
  36:   Wells                 1.429  1.048  0.271 -1.683 
  37:   Ort_NS               -0.320 -0.169  0.266  1.503 
  38:   Ort_EW                0.047  0.532 -0.478 -0.912 
  39:   AcsOrt               -0.045  0.239 -0.510  0.999 
  40:   RdHhPk                3.205  2.037  0.445  0.108 
  41:   RdElvTFt              2.121  1.007 -0.310 -0.602 
  42:   ScndFt                1.214 -1.640  0.468 -0.633 
  43:   CliffSpr              1.527  0.667 -0.688  0.778 
  44:   Slpl20               -0.079  0.067 -0.277  0.281 
  45:   Slpg20               -0.623  0.626  0.039  0.192 
  46:   NatDemAr              0.980 -0.147 -0.364  0.120 
  47:   NatDemFt              0.603  1.049  0.603 -0.367 
  48:   SubMtAr              -1.001  0.258 -0.053  0.202 
  49:   Shltr100             -1.260  0.780  0.569 -0.527 
  50:   Shltr1km              1.222 -0.833 -1.112  0.662 
  51:   RckShltr             -1.417  1.135  1.324 -0.817 
  52:   Qry1km                0.012 -1.100 -0.263  0.304 
  53:   RavRivAr             -1.554  0.260 -0.084  0.476 
  54:   LwHth                 1.986  0.900  0.678 -2.223 
  55:   GrsHth                0.028 -0.934 -0.779  0.910 
  56:   Woodlds              -0.449  0.121 -0.222  0.343 
  57:   Swamp                -1.054  0.058 -0.609 -1.381 
  58:   O_RckFce              3.476  2.425  2.052 -1.170 
  59:   HwkStne               1.018  1.065  2.581  0.485 
  60:   NrrbStne              0.130  0.517 -0.606 -0.313 
  61:   Vis1000               3.659  2.335  0.283 -1.415 
  62:   Vis6_1k               3.889  2.411  0.344 -0.455 
  63:   180_Vis               1.976  0.118 -0.061 -0.388 
  64:   AccSub               -0.364  0.180 -0.288  0.347 
  65:   NoAccSub              3.476  0.252  1.065 -1.097 
  66:   Cmplx_St              0.062  0.052 -0.068 -0.383 
  67:   Size100m              0.741 -1.371 -1.094  0.891 
  68:   PxMulti              -0.880  0.100  0.340 -0.621 
  69:   PxTrTpUn              0.230  0.753 -0.177  0.226 
  70:   PxEgv                 2.304  1.808 -0.660 -0.355 
  71:   PxPtg                -1.224  0.623  0.455 -0.593 
  72:   Px20AGG               0.443  0.356  1.070 -0.521 
  73:   PxStnArg              1.395  0.843  0.177  0.232 
 
CA object scores (plot: matrix #) 
 
   1:   3                     0.558 -0.267  2.003  7.137 
   2:   12                    2.472  1.987  0.336 -0.252 
   3:   99                    2.301  1.793  1.428  1.182 
   4:   100                   2.889  1.901  1.738  1.218 
   5:   277                  -0.685  0.929  4.086  3.603 
   6:   14                    1.231  0.759  0.172 -0.703 
   7:   118                   2.880  2.189  1.958 -0.239 
   8:   9                     0.087 -1.391  0.790 -1.400 
   9:   20                   -0.704  0.518 -0.871  0.160 
  10:   21                   -0.693  0.559 -0.868  0.219 
  11:   22                   -0.680  0.552 -0.938  0.243 
  12:   30                    0.250 -1.166  1.682 -0.501 
  13:   32                   -0.704  0.756 -0.352 -0.532 
  14:   37                   -0.244  0.440 -0.592 -0.541 
  15:   42                   -0.938  0.682 -0.723  0.234 
  16:   43                   -1.178  0.655 -0.770  0.280 
  17:   44                    1.391 -0.240  0.580 -0.890 
  18:   45                    1.837  0.214  0.469 -0.418 
  19:   48                   -0.434  0.959 -0.910 -0.115 
  20:   49                   -0.079  0.486  0.454  0.394 
  21:   53                   -0.913  0.703 -0.689 -0.120 
  22:   56                   -0.289  0.420 -0.737 -0.500 
  23:   67                   -1.084  0.692 -0.759 -0.109 
  24:   76                    0.067 -1.227 -0.385 -0.063 
  25:   78                    0.507 -0.116 -0.906  0.255 
  26:   93                    0.858  0.107  0.276  0.586 
  27:   115                   0.858  0.748  0.567 -0.540 
  28:   125                  -0.787  0.773  0.226 -0.948 
  29:   134                   0.530 -0.498  0.400 -0.998 
  30:   136                   0.446 -0.565  0.648 -1.197 
  31:   139                  -0.219  0.059  0.850 -1.337 
  32:   140                  -0.577  0.364 -0.531 -0.404 
  33:   159                  -0.089 -0.842  0.350 -0.895 
  34:   160                  -0.327  1.176  0.185 -0.261 
  35:   169                  -0.013 -0.989 -0.127 -0.612 
  36:   170                  -0.597  1.230 -0.084 -0.273 
  37:   175                  -0.202 -1.271  1.636 -0.206 
  38:   176                   0.205 -1.782 -0.305  1.894 
  39:   177                  -0.484 -0.183 -0.900 -0.254 
  40:   179                   0.510 -2.256  0.045 -0.594 
  41:   180                   0.927 -0.862  0.108 -0.435 
  42:   181                   1.350 -1.339  0.117 -1.006 
  43:   183                  -0.268  0.843 -0.185  0.390 
  44:   223                   0.247 -0.546 -1.132  0.844 
  45:   224                  -0.097 -1.985  0.087 -0.568 
  46:   228                  -0.069 -0.669 -0.500 -0.325 
  47:   239                  -0.572 -0.505 -0.554  0.835 
  48:   262                  -1.346  0.686  0.077 -0.569 
  49:   268                  -1.348  0.975 -0.802 -0.121 
  50:   270                  -1.564  0.911 -0.569 -0.390 
  51:   271                   0.148 -1.688  0.453 -0.235 
  52:   272                  -1.308  0.895 -0.657 -0.191 
  53:   274                   2.093 -0.951  0.834 -1.023 
  54:   275                  -0.212 -0.237  0.312 -0.364 
  55:   278                   0.027 -0.304 -0.183  0.555 
  56:   289                  -0.188 -0.217 -0.208  0.125 
  57:   290                  -0.205 -0.053 -0.243 -0.014 
  58:   310                   0.483 -2.365  0.435 -0.482 
  59:   311                   0.483 -2.365  0.435 -0.482 
  60:   313                   0.559 -2.269  0.464 -0.607 
  61:   315                   0.483 -2.365  0.435 -0.482 
  62:   316                   0.475 -2.335  0.441 -0.441 
  63:   317                  -1.454  0.992 -0.186  0.245 
  64:   328                  -1.052  0.920 -0.087 -0.061 
  65:   332                   0.449 -2.066  0.463  0.006 
  66:   333                  -1.248  1.133  0.857  0.162 
  67:   334                   1.322  0.419  0.454  0.605 
  68:   348                  -0.164 -0.880  0.628 -0.468 
  69:   360                  -0.312 -0.798 -0.644  0.956 
  70:   361                  -0.442 -0.673 -0.561  0.903 
  71:   362                  -0.336  0.192 -0.437  0.387 
  72:   366                   0.377 -0.281 -0.755  0.021 
  73:   367                  -1.077  1.159 -0.215  0.477 
  74:   372                  -1.002  1.069 -0.097 -0.560 
  75:   374                  -1.002  1.069 -0.097 -0.560 
  76:   381                  -0.007 -2.281  0.530 -0.196 
  77:   391                  -0.919 -0.645  0.055 -0.687 
  78:   392                  -0.726 -0.652 -0.015 -0.863 
  79:   393                  -1.130  0.299 -0.404  0.121 
  80:   398                  -1.068  0.616 -0.638 -0.208 
  81:   399                  -1.058  0.737 -0.519 -0.202 
  82:   403                  -1.361  0.830 -0.082 -0.820 
  83:   404                  -1.361  0.830 -0.082 -0.820 
  84:   406                  -0.141 -1.408 -0.038 -0.961 
  85:   27                   -0.425 -1.396  3.865  1.018 
  86:   70                   -1.192  1.015  0.733 -0.439 
  87:   79                   -0.400  1.686  3.899  2.231 
  88:   85                   -1.424  1.170  1.311 -0.742 
  89:   112                  -1.148  1.210  1.070 -0.642 
  90:   124                  -1.112  0.997  1.102 -0.974 
  91:   158                  -0.804  1.151  0.784 -0.632 
  92:   184                  -0.181  0.862  1.650  0.258 
  93:   225                  -0.348  1.024  0.922 -0.247 
  94:   259                  -1.569  1.104  1.642 -0.671 
  95:   276                  -0.817 -0.191  1.338  0.216 
  96:   319                  -0.518 -0.837  2.175 -0.960 
  97:   326                  -1.006  0.394  1.037  0.038 
  98:   336                  -0.656 -0.898  1.686 -0.963 
  99:   349                  -1.482  0.777  1.473 -0.160 
 100:   352                  -1.334  0.971  0.605 -0.206 
 101:   353                  -0.922  1.056  1.286 -1.010 
 102:   387                  -1.487  0.854  1.508 -0.803 
 103:   388                  -1.410  0.195  0.538 -0.391 
 104:   400                  -1.639  1.149  2.060 -0.042 
 105:   35                    0.727  1.023 -0.339 -0.798 
 106:   54                    0.028  0.142 -0.876  0.050 
 107:   102                  -0.868 -0.721 -0.370  5.105 
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 108:   110                  -0.182 -0.616 -0.621  2.399 
 109:   122                   2.773  2.312  0.222 -1.282 
 110:   127                   1.203  0.318 -0.518 -0.399 
 111:   129                   1.466  0.421 -0.579 -0.508 
 112:   178                  -0.346  0.329 -1.175  0.309 
 113:   210                   0.816  0.079 -1.091 -0.161 
 114:   211                   0.816  0.079 -1.091 -0.161 
 115:   214                   1.029  0.462 -1.614  0.031 
 116:   215                   1.097  0.088 -1.201  0.642 
 117:   235                  -0.069 -0.444 -1.105  1.184 
 118:   244                   0.265 -0.252 -0.084  1.578 
 119:   273                  -0.484 -0.352 -1.427  0.273 
 120:   281                   1.768  0.783 -0.680 -0.041 
 121:   284                   1.768  0.783 -0.680 -0.041 
 122:   304                   0.948  0.022 -1.169  0.398 
 123:   307                   0.210 -0.823 -0.679  6.286 
 124:   323                   0.296 -0.721 -0.614  0.061 
 125:   330                   0.252 -0.414 -1.090  0.436 
 126:   337                   1.768  0.783 -0.680 -0.041 
 127:   356                  -0.519 -0.389 -1.171  3.673 
 128:   368                   0.858  0.213 -0.956  1.297 
 129:   369                   0.986  0.437 -1.088  0.633 
 130:   370                   0.768  0.431 -1.238  0.641 
 131:   401                  -0.832  0.537 -0.469 -0.484 
 132:   8                    -0.577 -1.018 -0.340  0.212 
 133:   25                   -1.011  0.335 -0.307 -0.644 
 134:   26                   -0.245  0.053 -0.853 -0.353 
 135:   51                    1.111  0.967 -0.106 -0.381 
 136:   69                   -0.713 -0.180 -1.253  0.615 
 137:   92                    1.624  0.769  0.135 -0.202 
 138:   94                   -0.795 -0.717  0.601 -0.363 
 139:   108                  -0.313 -0.569 -0.820  2.580 
 140:   128                  -0.546  0.299 -0.812 -0.268 
 141:   147                   1.796  0.526 -0.093 -0.808 
 142:   166                  -1.254  0.007 -1.019 -0.083 
 143:   168                  -1.136 -0.544 -0.473 -0.352 
 144:   174                  -0.087  0.008 -1.008 -0.259 
 145:   182                   0.267 -2.319  0.195 -0.131 
 146:   186                   2.000  1.376 -0.317 -0.168 
 147:   217                   0.631  0.062 -1.256 -0.120 
 148:   219                  -1.254  0.007 -1.019 -0.083 
 149:   229                  -0.836 -0.244 -0.785  0.263 
 150:   230                  -0.659 -0.395 -0.876  0.642 
 151:   232                  -0.659 -0.395 -0.876  0.642 
 152:   236                  -0.459  0.461 -1.079 -0.191 
 153:   238                  -0.609 -0.386 -0.704  0.360 
 154:   264                   0.977  0.804 -0.749 -0.440 
 155:   265                   0.936 -0.524 -0.337  0.346 
 156:   266                   1.573  1.008 -1.023  0.243 
 157:   300                  -1.117  0.251 -0.776 -0.124 
 158:   329                   0.447 -0.567 -0.730  0.049 
 159:   331                  -0.495  0.242 -0.739 -0.415 
 160:   371                  -0.541  0.710 -0.811  0.222 
 161:   373                  -0.541  0.710 -0.811  0.222 
 162:   386                  -0.952  0.275 -0.838  0.016 
 163:   389                  -0.293  0.246 -0.962  0.145 
 164:   395                  -0.158 -1.259 -0.430 -0.243 
 165:   396                   0.073 -0.017 -1.219  0.885 
 166:   397                  -0.887 -0.023 -0.926  0.340 
 167:   402                   0.119  0.227 -0.685  0.060 
 168:   409                   0.512  0.405 -1.208  0.364 
 169:   413                  -1.139  0.652 -0.319  0.050 
 170:   416                  -1.143  0.685 -0.868 -0.280 
 
 
 
 
Figure 21:  Implement DMCA, object plot with detrend. 
-2 -1 0 1 2 3 4
-4
-2
0
2
4
3
12
99
100
277
14
118
9
20212
30
32
37
4243
44
45
48
49
53
56
67
76
78
93
115125
134136
139
140
159
160
169
170
175
176
177
179
180
181
183
223
224
228
239
262
268
270
271
272
274
275 278
289
290
3101
313
5316
317 328
332
333
334
348
360
361
362
366
367
3724
381
391 392
393
398
399
4034
40627
70
79
85 112
124
158
184
225
259
276
319
326
336
349
352
353
387
388
400
35
54
102
110
122
127
129
178
2101
214
215
235
244
273
2814
304
307
323
330
337
356
368
369370
401
8
25
26
51
69
92
94
108
128
147
166
168
174
182
186
217219
229
2302
236
238
264
265
266
300
329
331
3713
386 389
395
396397
402
409
41341
DMCA Tools Only  Obj.
Appendix D  Exploratory MCA and DMCA Analyses BMNP Project 414 
 
 
Figure 22:  Implement DMCA, variable plot with detrend. 
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4.4  Grinding Groove Experimental (D)MCA 
4.4.1  Grinding Groove Analysis No Detrend (MCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\AGI.DAT 
 
Actual sum of CA eigenvalues: 1.67599 
 
Eigenvalues times 100 
                             28.080 16.943 12.011  8.446 
% 
                             16.754 10.109  7.166  5.039 
 
CUM % 
                             16.754 26.863 34.030 39.069 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   Cores                 0.423  7.130  0.150  2.291 
   2:   SmFkle5               1.124  7.887  1.058 -1.291 
   3:   WsteFkg2              1.179  8.712  1.004  0.378 
   4:   MSC_Fks               1.124  7.887  1.058 -1.291 
   5:   Q_Fks                 0.631  7.937  1.271 -0.518 
   6:   B_FksCob             -1.576  1.162 -2.962  2.680 
   7:   AGGle5                0.556 -0.308  1.307 -1.103 
   8:   AGGl5g20              0.404 -0.076 -1.142 -0.906 
   9:   AGGge20              -0.523  0.074 -0.079  3.944 
  10:   AGline               -0.840 -0.143 -0.087  0.026 
  11:   AGclustr              0.941 -0.189 -0.197 -0.213 
  12:   AGdple15             -0.489 -0.109  1.378 -0.186 
  13:   AGdpg15               0.779 -0.140 -1.040  0.116 
  14:   Egvg2                -1.035  0.069  2.826  0.616 
  15:   Egvm2m2m             -0.854 -0.315  3.463 -0.809 
  16:   Elv_600               1.365 -0.788  0.999  0.635 
  17:   Elv6_8                0.056  2.272 -0.606 -2.069 
  18:   Elv_800              -1.450  0.026 -1.635 -0.255 
  19:   HhReElv              -0.898  0.106  0.293  0.132 
  20:   H2O100                2.091 -0.416 -0.626 -0.001 
  21:   H2O1_5               -0.973  0.097  0.333  0.116 
  22:   Wells                -0.040 -0.345  0.405  2.531 
  23:   Ort_NS                0.506  0.397  1.154  0.494 
  24:   Ort_EW                0.134 -0.437 -0.797 -0.300 
  25:   AcsOrt                0.271 -0.418 -0.129 -0.627 
  26:   RdHhPk               -1.341  0.334 -0.230 -0.919 
  27:   RdElvTFt             -1.151 -0.211  0.630 -0.002 
  28:   ScndFt               -0.793 -0.408  3.124 -0.418 
  29:   CliffSpr             -0.869 -0.290  0.275  0.504 
  30:   Slpl20               -0.026  0.331 -0.524 -0.677 
  31:   Slpg20                0.927 -1.036  1.033  1.383 
  32:   NatDemAr             -0.177 -0.283  0.846 -0.178 
  33:   NatDemFt             -0.660 -0.122  0.759 -1.469 
  34:   SubMtAr               1.660 -0.383 -0.043  0.167 
  35:   Shltr100              1.765  1.703 -0.932  1.629 
  36:   Shltr1km              0.413 -0.876  0.616 -1.167 
  37:   RckShltr              2.052  2.123 -0.470  2.564 
  38:   Qry1km               -1.589 -0.072 -2.761  3.136 
  39:   RavRivAr              2.716 -0.928 -1.137 -0.975 
  40:   LwHth                -1.274  0.115 -1.622 -0.455 
  41:   GrsHth               -0.513  0.541  1.468 -0.568 
  42:   Woodlds               0.939 -0.341  0.045 -0.282 
  43:   Swamp                 2.915 -0.407 -3.012 -3.248 
  44:   O_RckFce             -0.406 -0.368 -0.193  0.154 
  45:   HwkStne               0.169 -0.194 -0.262 -0.084 
  46:   NrrbStne             -0.587  0.357 -1.246 -1.555 
  47:   Vis1000              -1.627  0.149 -1.302 -1.442 
  48:   Vis6_1k              -1.454  0.145 -0.035 -0.700 
  49:   Vis600               -1.417 -0.048 -0.024 -0.124 
  50:   180_Vis              -1.291  0.109 -0.364 -0.576 
  51:   NoAccSub             -2.045 -0.156 -2.884  4.279 
  52:   Cmplx_St              0.100 -0.001  0.118  0.247 
  53:   Size100m              0.036  0.071  0.059  1.086 
  54:   PxMulti               1.650  0.252 -0.968 -0.506 
  55:   PxTrTpUn             -0.557  0.174  0.208 -0.025 
  56:   PxEgv                -0.490 -0.127  2.378  0.664 
  57:   PxPtg                 2.110 -0.078  0.867  1.253 
  58:   Px20AGG              -0.024 -0.307 -0.595  1.208 
  59:   PxStnArg              0.291 -0.068  3.996  1.794 
 
CA object scores (plot: relative elevation, grind set 
structure.) 
 
High Relative Elevation (HRE) 
(HL-) HRE, Linear, <15mm; (HL+) HRE, Linear, >15mm;   
(HC-) HRE, Cluster, <15mm; (HC+) HRE, Cluster, >15mm 
 
Low Relative Elevation (LRE) 
(LL-) LRE, Linear, <15mm; (LL+) LRE, Linear, >15mm;  
(LC-) LRE, Cluster, <15mm; (LC+) LRE, Cluster, >15mm 
 
Combination Structure (Line/Cluster) 
(HB-) HRE,  Line/Cluster, <15mm; (HB+) HRE; Line/Cluster, 
>15mm; 
(LB-) LRE, Line/Cluster, <15mm; (LB+) LRE, Line/Cluster, 
>15mm. 
 
   1:   HL-                  -0.962  2.224  0.054 -1.568 
   2:   HL-                  -0.339  0.055  0.278  0.342 
   3:   HL-                  -0.374  0.064  0.358  0.706 
   4:   HL-                  -0.571 -0.410  1.234 -0.878 
   5:   HL-                  -1.167 -0.151 -0.111 -1.530 
   6:   HL-                  -0.964 -0.120  0.351 -1.289 
   7:   HL-                  -0.895 -0.127  0.332 -0.847 
   8:   HL-                  -1.105 -0.138 -0.374  0.289 
   9:   HL-                  -1.268  0.026 -0.308  0.359 
  10:   HL-                  -0.203  0.106  0.431 -1.007 
  11:   HL-                  -1.042 -0.224 -1.195  1.511 
  12:   HL-                  -1.125 -0.091 -1.516  1.848 
  13:   HL-                  -0.786 -0.344  0.010  0.745 
  14:   HL-                  -0.827 -0.368  0.003  0.609 
  15:   HL-                  -0.728 -0.420  0.124  0.630 
  16:   HL-                  -0.812 -0.449  0.275  1.653 
  17:   HL-                  -0.712 -0.451  0.517  0.593 
  18:   HL-                  -0.362 -0.235  2.026 -0.576 
  19:   HL-                  -0.337 -0.233  1.808 -0.707 
  20:   HL-                  -0.451 -0.410  2.046 -0.492 
  21:   HL-                  -0.362 -0.235  2.026 -0.576 
  22:   HL-                  -0.174 -0.251  1.051 -0.874 
  23:   HL-                   0.092 -0.458  1.740 -0.383 
  24:   HL-                  -0.650 -0.332  1.702  0.323 
  25:   HL-                  -0.643 -0.317  1.530  0.455 
  26:   HL-                  -0.564 -0.353  1.684 -0.213 
  27:   HL-                   0.009  3.049  1.429  0.097 
  28:   HL-                  -0.383 -0.518  0.578  1.371 
  29:   HL+                  -0.799 -0.158 -0.176  0.626 
  30:   HL+                  -1.047 -0.007 -0.205 -1.068 
  31:   HL+                  -0.716  0.446 -0.777  0.671 
  32:   HL+                  -0.935  0.500 -0.760  1.823 
  33:   HL+                  -0.093  0.005 -2.255 -0.474 
  34:   HL+                  -0.916  1.273  1.346 -1.190 
  35:   HL+                  -1.142  0.018 -1.432 -0.114 
  36:   HL+                  -1.286  0.025 -1.568  0.988 
  37:   HL+                  -1.368  0.029 -2.071  0.561 
  38:   HL+                  -1.368  0.029 -2.071  0.561 
  39:   HL+                  -1.368  0.029 -2.071  0.561 
  40:   HL+                  -1.438  0.043 -1.948  1.228 
  41:   LL-                   1.523  0.293  0.314  1.128 
  42:   LL-                   0.259 -0.625  1.409  1.337 
  43:   LL+                   1.527 -0.948 -0.539 -0.903 
  44:   LL+                   1.465 -0.726 -0.527 -0.088 
  45:   LL+                   1.005 -0.702 -0.826  1.097 
  46:   HC-                  -1.018 -0.272 -0.755 -0.956 
  47:   HC-                   0.623  3.481  0.147  0.496 
  48:   HC-                   0.416  3.973  0.654  1.022 
  49:   HC-                   0.038 -0.454  0.190 -1.112 
  50:   HC-                  -0.939  0.005  0.590 -1.255 
  51:   HC-                  -0.897 -0.110  0.828 -1.129 
  52:   HC-                  -0.792 -0.257  0.715 -1.138 
  53:   HC-                  -0.484 -0.210 -0.896 -1.390 
  54:   HC-                  -0.554 -0.256 -0.056 -0.259 
  55:   HC-                   0.090 -0.524  0.371 -0.249 
  56:   HC-                  -0.559 -0.452  1.513 -0.516 
  57:   HC-                   0.550  0.358  0.042  0.292 
  58:   HC-                  -0.917 -0.282  0.669  0.877 
  59:   HC+                   0.629 -0.399 -0.017  0.144 
  60:   HC+                  -1.036 -0.078 -1.857  2.062 
  61:   HC+                   0.905  0.552 -0.644  1.614 
  62:   HC+                   0.780  4.240 -0.306 -0.390 
  63:   HC+                  -0.518  0.099 -0.452  0.518 
  64:   HC+                  -0.020 -0.774  0.192  0.330 
  65:   HC+                  -0.698 -0.146 -0.944 -0.636 
  66:   HC+                  -0.683 -0.237  0.063 -1.017 
  67:   HC+                   0.349 -0.546  1.709  0.995 
  68:   HC+                   0.339 -0.518  1.651  1.103 
  69:   HC+                   0.332 -0.654  1.770  0.852 
  70:   HC+                   0.361 -0.570  2.004  0.966 
  71:   HC+                   0.361 -0.570  2.004  0.966 
  72:   HC+                  -0.373 -0.371  0.771 -0.332 
  73:   HC+                  -0.686 -0.072  1.366  0.479 
  74:   HC+                   1.484 -0.217 -0.100  0.876 
  75:   HC+                   0.839 -0.743 -0.165  1.640 
  76:   HC+                  -0.037 -0.468  1.004  2.231 
  77:   LC-                  -0.630 -0.282  0.328 -0.886 
  78:   LC-                   0.169 -0.548 -0.117 -0.621 
  79:   LC-                   1.358 -0.934 -0.059 -0.473 
  80:   LC-                   1.316 -0.880 -0.174 -0.344 
  81:   LC-                   1.556 -0.661  0.551 -0.044 
  82:   LC-                   1.581 -0.538  0.164  0.672 
  83:   LC-                   1.553 -0.741 -0.512 -1.120 
  84:   LC+                   1.624  4.027  0.367 -1.796 
  85:   LC+                   1.381  4.855 -0.041  0.938 
  86:   LC+                   1.479  0.429 -0.383  0.614 
  87:   LC+                   1.844  0.005 -1.436 -0.271 
  88:   LC+                   1.831 -0.791 -0.814 -1.657 
  89:   LC+                   1.831 -0.791 -0.814 -1.657 
  90:   LC+                   1.339  0.149  0.491  2.467 
  91:   LC+                   1.838 -0.425 -0.864 -0.477 
  92:   LC+                   1.067 -0.173 -1.045 -1.698 
  93:   LC+                   1.164 -0.167 -1.273 -1.972 
  94:   LC+                   1.069 -0.885 -0.463 -0.557 
  95:   LC+                   0.506 -0.263 -0.910 -0.819 
  96:   LC+                   1.865 -0.392 -1.221 -0.834 
  97:   LC+                   1.477 -0.861 -0.392  0.418 
  98:   LC+                   1.621 -0.591 -0.972 -1.131 
  99:   LC+                   0.809 -0.700  0.717 -0.162 
 100:   LC+                   1.248 -0.587 -0.399 -0.016 
 101:   LC+                   1.850  0.189 -0.504  1.685 
 102:   LC+                   1.138 -0.578  0.014  0.982 
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 103:   LC+                   1.782  0.105 -0.334  0.229 
 104:   LC+                   1.459 -0.749 -0.560  0.155 
 105:   LC+                   1.837 -0.103 -0.966  1.093 
 106:   LC+                   1.727 -0.648 -0.538 -0.286 
 107:   LC+                   1.299 -0.850 -0.429 -0.681 
 108:   LC+                   1.653 -1.006  0.382 -0.145 
 109:   LC+                   1.834 -0.983 -0.013 -0.136 
 110:   LC+                   1.436 -0.754 -0.187  0.034 
 111:   LC+                   1.220 -0.687 -0.114  1.463 
 112:   LC+                   1.718 -0.527 -0.792 -0.086 
 113:   LC+                   1.671 -0.494  0.262  0.330 
 114:   LC+                   2.391  2.090 -0.369 -0.980 
 115:   HB-                  -0.924 -0.273 -0.483  0.287 
 116:   HB-                  -0.573 -0.162 -0.947 -1.639 
 117:   HB-                  -0.205 -0.463  1.468 -0.406 
 118:   HB-                  -1.116 -0.238  1.008  1.256 
 119:   LB-                   1.523  0.293  0.314  1.128 
 120:   LB-                   0.259 -0.625  1.409  1.337 
 121:   HB+                  -0.473  1.471  0.166  0.409 
 122:   HB+                  -0.187  0.053 -0.254  0.365 
 123:   HB+                  -0.777  0.103 -0.627  1.163 
 124:   HB+                   0.078 -0.057 -0.813 -0.023 
 125:   HB+                   0.038  0.029 -0.863  0.394 
 126:   HB+                  -1.192 -0.041 -1.762  2.294 
 127:   HB+                  -0.615  0.093 -0.431 -1.292 
 128:   HB+                  -0.550  0.118 -0.526 -1.345 
 129:   HB+                  -0.766  0.065 -0.491 -1.272 
 130:   HB+                  -0.670  0.023 -0.446 -0.875 
 131:   HB+                  -0.766  0.065 -0.491 -1.272 
 132:   HB+                  -0.558 -0.281 -0.262 -0.872 
 133:   HB+                  -0.789 -0.144 -0.917 -1.299 
 134:   HB+                  -0.792  0.029 -0.164 -1.276 
 135:   HB+                  -0.115  0.314 -0.840 -1.385 
 136:   HB+                  -0.151 -0.471 -0.199  0.314 
 137:   HB+                  -0.616 -0.321  1.075 -0.735 
 138:   HB+                  -0.254 -0.442  0.092 -1.100 
 139:   LB-                   1.527 -0.948 -0.539 -0.903 
 140:   LB-                   1.465 -0.726 -0.527 -0.088 
 
 
 
 
Figure 23:  Grinding groove MCA, object plot with no significant detrend. 
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Figure 24:  Grinding groove MCA, variable plot with no significant detrend. 
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Appendix D  Exploratory MCA and DMCA Analyses BMNP Project 418 
4.4.2  Grinding Groove Analysis 1st Detrend (DMCA) (54 variables) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\AGX.DAT 
 
Actual sum of CA eigenvalues: 1.81374 
 
Eigenvalues times 100 
                             29.554 19.106 13.156  9.774 
% 
                             16.294 10.534  7.253  5.389 
 
CUM % 
                             16.294 26.828 34.082 39.471 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   Cores                 0.513  6.592  0.198  1.977 
   2:   SmFkle5               1.176  7.280  1.104 -1.214 
   3:   WsteFkg2              1.213  8.050  1.088  0.175 
   4:   MSC_Fks               1.176  7.280  1.104 -1.214 
   5:   Q_Fks                 0.685  7.277  1.341 -0.550 
   6:   B_FksCob             -1.605  1.090 -2.606  2.558 
   7:   AGGle5                0.616 -0.322  0.957 -0.725 
   8:   AGGl5g20              0.363 -0.081 -1.089 -1.008 
   9:   AGGge20              -0.561  0.073  0.145  3.552 
  10:   Egvg2                -0.971  0.043  3.026  0.603 
  11:   Egvm2m2m             -0.851 -0.329  3.522 -0.565 
  12:   Elv_600               1.378 -0.801  0.770  0.628 
  13:   Elv6_8               -0.034  2.178 -0.194 -2.396 
  14:   Elv_800              -1.451  0.061 -1.578 -0.090 
  15:   H2O100                1.990 -0.425 -0.711 -0.043 
  16:   H2O1_5               -0.909  0.089  0.295  0.134 
  17:   Wells                -0.080 -0.343  0.507  2.194 
  18:   Ort_NS                0.557  0.336  1.010  0.584 
  19:   Ort_EW                0.095 -0.413 -0.797 -0.341 
  20:   AcsOrt                0.238 -0.410 -0.106 -0.629 
  21:   RdHhPk               -1.303  0.335 -0.161 -0.794 
  22:   RdElvTFt             -1.097 -0.207  0.660  0.050 
  23:   ScndFt               -0.677 -0.434  3.053 -0.380 
  24:   CliffSpr             -0.832 -0.281  0.299  0.521 
  25:   Slpl20               -0.040  0.316 -0.539 -0.536 
  26:   Slpg20                0.915 -1.033  0.944  1.110 
  27:   NatDemAr             -0.168 -0.290  0.833 -0.190 
  28:   NatDemFt             -0.609 -0.125  0.726 -1.300 
  29:   SubMtAr               1.645 -0.404 -0.268  0.163 
  30:   Shltr100              1.796  1.593 -1.212  1.852 
  31:   Shltr1km              0.379 -0.855  0.581 -1.174 
  32:   RckShltr              2.108  2.000 -0.831  2.825 
  33:   Qry1km               -1.588 -0.023 -2.536  2.950 
  34:   RavRivAr              2.554 -0.914 -1.230 -0.965 
  35:   LwHth                -1.283  0.137 -1.457 -0.415 
  36:   GrsHth               -0.488  0.492  1.552 -0.683 
  37:   Woodlds               0.952 -0.348 -0.178 -0.241 
  38:   Swamp                 2.700 -0.395 -3.014 -2.643 
  39:   O_RckFce             -0.430 -0.346 -0.160  0.102 
  40:   HwkStne               0.142 -0.194 -0.270 -0.109 
  41:   NrrbStne             -0.640  0.376 -1.080 -1.430 
  42:   Vis1000              -1.679  0.193 -1.012 -1.360 
  43:   Vis6_1k              -1.404  0.148  0.044 -0.565 
  44:   Vis600               -1.360 -0.048 -0.022  0.043 
  45:   180_Vis              -1.264  0.114 -0.288 -0.511 
  46:   NoAccSub             -2.049 -0.100 -2.708  4.120 
  47:   Cmplx_St              0.087 -0.014  0.151  0.191 
  48:   Size100m              0.014  0.052  0.063  0.841 
  49:   PxMulti               1.568  0.207 -1.013 -0.544 
  50:   PxTrTpUn             -0.552  0.155  0.269 -0.038 
  51:   PxEgv                -0.422 -0.162  2.335  0.732 
  52:   PxPtg                 2.009 -0.123  0.876  0.893 
  53:   Px20AGG              -0.041 -0.282 -0.531  1.098 
  54:   PxStnArg              0.366 -0.157  4.067  1.521 
 
CA object scores (plot: relative elevation, grind set 
structure.) 
 
High Relative Elevation (HRE) 
(HL-) HRE, Linear, <15mm; (HL+) HRE, Linear, >15mm;   
(HC-) HRE, Cluster, <15mm; (HC+) HRE, Cluster, >15mm 
 
Low Relative Elevation (LRE) 
(LL-) LRE, Linear, <15mm; (LL+) LRE, Linear, >15mm;  
(LC-) LRE, Cluster, <15mm; (LC+) LRE, Cluster, >15mm 
 
Combination Structure (Line/Cluster) 
(HB-) HRE,  Line/Cluster, <15mm; (HB+) HRE; Line/Cluster, 
>15mm; 
(LB-) LRE, Line/Cluster, <15mm; (LB+) LRE, Line/Cluster, 
>15mm. 
 
   1:   HL-                  -0.856  2.201 -0.009 -1.460 
   2:   HL-                  -0.179  0.046  0.029  0.501 
   3:   HL-                  -0.230  0.055  0.247  0.624 
   4:   HL-                  -0.391 -0.437  1.039 -0.785 
   5:   HL-                  -1.083 -0.136 -0.312 -1.413 
   6:   HL-                  -0.866 -0.115  0.232 -1.170 
   7:   HL-                  -0.773 -0.130  0.153 -0.797 
   8:   HL-                  -1.016 -0.130 -0.549  0.356 
   9:   HL-                  -1.207  0.039 -0.345  0.389 
  10:   HL-                   0.029  0.117  0.223 -1.191 
  11:   HL-                  -0.964 -0.207 -1.436  1.500 
  12:   HL-                  -1.064 -0.071 -1.722  1.834 
  13:   HL-                  -0.684 -0.345 -0.116  0.663 
  14:   HL-                  -0.722 -0.370 -0.134  0.556 
  15:   HL-                  -0.575 -0.444 -0.100  0.609 
  16:   HL-                  -0.665 -0.479  0.083  1.702 
  17:   HL-                  -0.544 -0.481  0.277  0.670 
  18:   HL-                  -0.156 -0.277  1.930 -0.567 
  19:   HL-                  -0.125 -0.273  1.692 -0.719 
  20:   HL-                  -0.242 -0.455  1.899 -0.395 
  21:   HL-                  -0.156 -0.277  1.930 -0.567 
  22:   HL-                   0.041 -0.282  0.839 -0.875 
  23:   HL-                   0.321 -0.509  1.536 -0.329 
  24:   HL-                  -0.493 -0.359  1.634  0.350 
  25:   HL-                  -0.499 -0.340  1.461  0.471 
  26:   HL-                  -0.405 -0.380  1.558 -0.124 
  27:   HL-                   0.205  2.898  1.299  0.171 
  28:   HL-                  -0.138 -0.569  0.221  1.533 
  29:   HL+                  -0.798 -0.148  0.027  0.592 
  30:   HL+                  -1.056  0.001 -0.051 -0.956 
  31:   HL+                  -0.699  0.439 -0.678  0.652 
  32:   HL+                  -0.926  0.495 -0.637  1.832 
  33:   HL+                  -0.062  0.030 -2.290 -0.401 
  34:   HL+                  -0.890  1.240  1.631 -1.080 
  35:   HL+                  -1.199  0.049 -1.241 -0.149 
  36:   HL+                  -1.353  0.060 -1.347  0.950 
  37:   HL+                  -1.441  0.069 -1.905  0.568 
  38:   HL+                  -1.441  0.069 -1.905  0.568 
  39:   HL+                  -1.441  0.069 -1.905  0.568 
  40:   HL+                  -1.518  0.085 -1.750  1.231 
  41:   LL-                   2.015  0.380 -0.423  1.791 
  42:   LL-                   0.327 -0.647  1.342  1.200 
  43:   LL+                   1.644 -1.020 -0.559 -1.092 
  44:   LL+                   1.517 -0.757 -0.502 -0.284 
  45:   LL+                   1.089 -0.719 -0.763  0.972 
  46:   HC-                  -1.093 -0.250 -0.927 -0.882 
  47:   HC-                   0.710  3.438  0.040  0.362 
  48:   HC-                   0.500  3.943  0.640  0.808 
  49:   HC-                   0.072 -0.473 -0.105 -1.053 
  50:   HC-                  -0.987  0.019  0.503 -1.085 
  51:   HC-                  -0.931 -0.105  0.734 -0.974 
  52:   HC-                  -0.811 -0.250  0.635 -0.980 
  53:   HC-                  -0.531 -0.193 -1.058 -1.347 
  54:   HC-                  -0.580 -0.249 -0.264 -0.159 
  55:   HC-                   0.167 -0.579  0.050 -0.283 
  56:   HC-                  -0.564 -0.482  1.394 -0.337 
  57:   HC-                   0.780  0.419 -0.648  0.750 
  58:   HC-                  -0.938 -0.283  0.567  0.990 
  59:   HC+                   0.627 -0.450 -0.025  0.223 
  60:   HC+                  -1.305 -0.038 -1.732  2.146 
  61:   HC+                   0.904  0.575 -0.563  1.534 
  62:   HC+                   0.814  4.303 -0.213 -0.408 
  63:   HC+                  -0.689  0.132 -0.189  0.368 
  64:   HC+                  -0.132 -0.839  0.352  0.246 
  65:   HC+                  -0.865 -0.120 -0.764 -0.626 
  66:   HC+                  -0.794 -0.230  0.212 -0.924 
  67:   HC+                   0.319 -0.594  1.974  0.818 
  68:   HC+                   0.306 -0.561  1.892  0.903 
  69:   HC+                   0.301 -0.702  2.006  0.721 
  70:   HC+                   0.341 -0.621  2.243  0.861 
  71:   HC+                   0.341 -0.621  2.243  0.861 
  72:   HC+                  -0.476 -0.390  0.978 -0.343 
  73:   HC+                  -0.821 -0.073  1.781  0.322 
  74:   HC+                   1.648 -0.253 -0.270  1.114 
  75:   HC+                   0.836 -0.806 -0.097  1.551 
  76:   HC+                  -0.134 -0.509  1.343  2.132 
  77:   LC-                  -0.710 -0.253  0.147 -0.715 
  78:   LC-                   0.110 -0.529 -0.356 -0.517 
  79:   LC-                   1.416 -0.972 -0.529 -0.557 
  80:   LC-                   1.337 -0.896 -0.581 -0.444 
  81:   LC-                   1.599 -0.684  0.162 -0.042 
  82:   LC-                   1.616 -0.556 -0.238  0.657 
  83:   LC-                   1.607 -0.762 -0.996 -1.131 
  84:   LC+                   1.540  3.912  0.578 -1.938 
  85:   LC+                   1.337  4.648  0.027  0.914 
  86:   LC+                   1.395  0.423 -0.405  0.629 
  87:   LC+                   1.757  0.009 -1.541 -0.070 
  88:   LC+                   1.734 -0.802 -0.888 -1.528 
  89:   LC+                   1.734 -0.802 -0.888 -1.528 
  90:   LC+                   1.264  0.133  0.541  2.489 
  91:   LC+                   1.770 -0.432 -1.008 -0.338 
  92:   LC+                   0.889 -0.151 -0.891 -1.853 
  93:   LC+                   0.983 -0.143 -1.112 -2.150 
  94:   LC+                   0.925 -0.877 -0.408 -0.519 
  95:   LC+                   0.320 -0.238 -0.817 -0.717 
  96:   LC+                   1.776 -0.395 -1.298 -0.702 
  97:   LC+                   1.359 -0.888 -0.331  0.212 
  98:   LC+                   1.505 -0.596 -1.009 -1.086 
  99:   LC+                   0.662 -0.701  0.890 -0.182 
 100:   LC+                   1.116 -0.587 -0.335 -0.116 
 101:   LC+                   1.789  0.190 -0.538  1.766 
 102:   LC+                   1.004 -0.577  0.146  0.758 
 103:   LC+                   1.718  0.091 -0.411  0.307 
 104:   LC+                   1.329 -0.749 -0.487 -0.041 
 105:   LC+                   1.752 -0.105 -1.031  1.060 
 106:   LC+                   1.627 -0.659 -0.525 -0.381 
 107:   LC+                   1.172 -0.858 -0.437 -0.641 
 108:   LC+                   1.580 -1.045  0.382 -0.117 
 109:   LC+                   1.751 -1.007 -0.025 -0.228 
 110:   LC+                   1.318 -0.757 -0.173 -0.039 
 111:   LC+                   1.090 -0.694 -0.018  1.331 
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 112:   LC+                   1.635 -0.541 -0.855 -0.115 
 113:   LC+                   1.599 -0.510  0.223  0.388 
 114:   LC+                   2.374  2.048 -0.420 -0.787 
 115:   HB-                  -0.950 -0.255 -0.546  0.300 
 116:   HB-                  -0.583 -0.125 -1.284 -1.793 
 117:   HB-                  -0.099 -0.500  1.390 -0.345 
 118:   HB-                  -1.131 -0.229  1.079  1.343 
 119:   LB-                   2.015  0.380 -0.423  1.791 
 120:   LB-                   0.327 -0.647  1.342  1.200 
 121:   HB+                  -0.503  1.481  0.365  0.475 
 122:   HB+                  -0.199  0.069 -0.206  0.463 
 123:   HB+                  -0.862  0.137 -0.467  1.206 
 124:   HB+                   0.073 -0.040 -0.798 -0.024 
 125:   HB+                   0.025  0.053 -0.842  0.409 
 126:   HB+                  -1.404  0.012 -1.620  2.376 
 127:   HB+                  -0.719  0.138 -0.213 -1.442 
 128:   HB+                  -0.654  0.167 -0.314 -1.523 
 129:   HB+                  -0.877  0.104 -0.254 -1.404 
 130:   HB+                  -0.776  0.057 -0.200 -1.035 
 131:   HB+                  -0.877  0.104 -0.254 -1.404 
 132:   HB+                  -0.629 -0.271 -0.102 -0.879 
 133:   HB+                  -0.909 -0.113 -0.784 -1.307 
 134:   HB+                  -0.893  0.061  0.091 -1.397 
 135:   HB+                  -0.181  0.398 -0.673 -1.724 
 136:   HB+                  -0.185 -0.499 -0.075  0.272 
 137:   HB+                  -0.697 -0.330  1.400 -0.715 
 138:   HB+                  -0.297 -0.464  0.196 -1.118 
 139:   LB-                   1.644 -1.020 -0.559 -1.092 
 140:   LB-                   1.517 -0.757 -0.502 -0.284 
 
 
 
 
 
Figure 25:  Grinding groove DMCA, object plot with 1st detrend. 
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Figure 26:  Grinding groove DMCA, variable plot with 1st detrend. 
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4.4.3  Grinding Groove Analysis @ Low Relative Elevation Detrend (DMCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\AGGLOW.DAT 
 
Actual sum of CA eigenvalues: 0.96824 
 
Eigenvalues times 100 
                             16.897 12.165 10.407  8.287 
% 
                             17.452 12.564 10.748  8.559 
 
CUM % 
                             17.452 30.016 40.764 49.323 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   AGGle5               -1.973  0.862 -2.110 -0.786 
   2:   AGGl5g20              0.850 -1.418  1.189 -0.516 
   3:   AGGge20               2.395  2.640  1.269  3.280 
   4:   Elv_600               0.213  0.253 -0.309  0.513 
   5:   Wells                -0.342 -0.126  1.768  2.612 
   6:   Ort_NS                1.438  1.695  0.070 -1.364 
   7:   Ort_EW               -1.113 -1.244 -0.184  0.760 
   8:   AcsOrt               -0.781  0.120  0.104  0.434 
   9:   Slpl20                0.374 -1.014 -0.365 -0.883 
  10:   Slpg20               -1.242  2.869  0.750  2.032 
  11:   NatDemAr             -1.726 -0.019 -0.019 -1.186 
  12:   NatDemFt              1.024  3.447 -2.533  0.642 
  13:   SubMtAr               0.135 -0.121  0.049  0.207 
  14:   Shltr100              2.581 -0.552 -1.790  0.073 
  15:   Shltr1km             -1.632  0.059  0.637 -0.512 
  16:   RckShltr              3.176  0.959 -0.849 -0.749 
  17:   RavRivAr             -0.506 -0.029 -0.592  0.002 
  18:   Woodlds              -0.122 -0.296  0.260 -0.041 
  19:   Swamp                -0.400 -2.160 -2.980  0.474 
  20:   O_RckFce             -0.390 -0.314  0.491  1.463 
  21:   HwkStne              -0.478  0.203  0.054 -0.094 
  22:   NrrbStne              0.060 -1.398  2.595 -2.394 
  23:   AccSub                0.052 -0.088 -0.032 -0.295 
  24:   Cmplx_St              0.658 -0.601 -0.053  0.054 
  25:   Size100m              1.595  0.534  3.636 -0.271 
  26:   PxMulti               0.299 -0.143 -0.495 -0.598 
  27:   PxTrTpUn              0.483  0.061  2.071 -0.722 
  28:   PxEgv                 2.047 -3.736 -1.102  4.823 
  29:   PxPtg                 0.217  1.301 -0.436 -1.471 
  30:   Px20AGG              -0.233  1.446  0.321  0.852 
 
CA object scores (plot: matrix #) 
 
   1:   7                    -1.252 -0.070 -0.890 -1.099 
   2:   27                    2.195 -0.161  0.807 -1.228 
   3:   28                    1.753 -0.111  1.085 -1.857 
   4:   33                    1.087 -1.677 -0.780  0.447 
   5:   39                   -1.135 -0.806 -1.247 -0.451 
   6:   40                   -1.135 -0.806 -1.247 -0.451 
   7:   50                    1.735  0.115 -0.213  1.914 
   8:   58                   -0.320 -0.521 -1.173  0.201 
   9:   89                   -0.555 -1.302  1.337 -1.503 
  10:   96                   -0.761 -1.294  0.739 -1.409 
  11:   132                  -1.189  0.794 -0.462  1.378 
  12:   138                  -0.346  0.157  0.740 -1.151 
  13:   221                   0.632 -2.168 -1.200  1.499 
  14:   226                  -0.480  0.133  1.771  1.130 
  15:   241                   0.105 -0.520  0.355 -0.342 
  16:   250                  -0.084 -1.485  0.773  1.693 
  17:   253                  -0.348  0.018  0.910 -0.632 
  18:   277                   1.840  1.796 -1.177  0.040 
  19:   322                  -0.161  0.167  1.348  0.422 
  20:   327                   1.198  0.600 -0.680 -1.206 
  21:   344                  -0.471  0.135  1.325  0.159 
  22:   354                   0.726 -0.315 -0.167  0.493 
  23:   357                  -0.092  0.315  0.196 -0.533 
  24:   358                  -1.038 -0.021  0.088  0.223 
  25:   363                  -1.282  1.534 -0.195 -0.064 
  26:   364                  -1.442  0.988 -0.414 -0.042 
  27:   365                  -0.993  0.040 -0.158  0.198 
  28:   378                   0.522  1.600  1.672  1.402 
  29:   379                   0.340  0.403 -0.707  1.043 
  30:   380                  -0.088  2.419 -1.067 -0.331 
  31:   390                   0.488 -0.087 -2.144 -1.114 
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Figure 27:  Grinding groove @ low relative elevation DMCA, object and variable plots with detrend 
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4.4.4  Grinding Groove Analysis @ High Relative Elevation (Only) No Detrend (MCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\AH.DAT 
 
Actual sum of CA eigenvalues: 1.94103 
 
Eigenvalues times 100 
                             21.023 19.695 14.701 12.915 
% 
                             10.831 10.147  7.574  6.654 
 
CUM % 
                             10.831 20.977 28.551 35.205 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   PtBdle5              11.142  3.258  1.000  3.420 
   2:   Axes                 -3.865  2.849 25.968  7.676 
   3:   Toolle5              11.142  3.258  1.000  3.420 
   4:   Cortex               -0.244 -2.391  1.396 -0.969 
   5:   LgFkle5               8.710  6.888  1.309 -3.193 
   6:   SmFkle5               9.520  5.678  1.206 -0.988 
   7:   SmFkg5                2.208 -0.283 -5.206 21.489 
   8:   SmMdFks               2.208 -0.283 -5.206 21.489 
   9:   WsteFkg2              7.161  5.009  0.944 -2.554 
  10:   GeoMic               11.142  3.258  1.000  3.420 
  11:   MSC_Fks               7.692  4.188 -0.397  4.631 
  12:   Q_Fks                 8.200  4.040  0.917 -0.262 
  13:   B_FksCob              0.150 -2.361  2.133 -0.354 
  14:   ClsterFk              2.208 -0.283 -5.206 21.489 
  15:   SctterFk              8.156  4.571  0.958 -1.060 
  16:   IF                   -3.865  2.849 25.968  7.676 
  17:   AGGle5               -1.018  0.778  0.394  1.178 
  18:   AGGl5g20              0.239 -0.275 -0.166 -0.788 
  19:   AGGge20               0.653 -0.445  0.083 -0.753 
  20:   AGline                0.225 -0.909 -0.113  0.043 
  21:   AGclustr             -0.001  0.240  0.452 -0.305 
  22:   AGdple15              0.016  0.183 -0.138  0.035 
  23:   AGdpg15              -0.289 -0.081  0.323 -0.199 
  24:   Egvle2               -1.323  0.842 -0.201  0.710 
  25:   Egvg2                 0.040  0.221 -0.957  2.436 
  26:   Egvm2m2m              0.933 -0.801 -1.656  5.800 
  27:   Elv_600              -1.582  1.653  0.062  0.243 
  28:   Elv6_8                1.300  0.838 -0.004 -1.237 
  29:   Elv_800               0.604 -1.426  0.137  0.032 
  30:   H2O100               -0.909  2.180 -0.369 -0.954 
  31:   H2O1_5                0.146 -0.528  0.281  0.206 
  32:   Wells                 0.110  0.401 -0.336 -0.728 
  33:   Ort_NS               -0.602  1.272  0.159  0.032 
  34:   Ort_EW                0.150 -0.639  0.047 -0.129 
  35:   AcsOrt               -0.319 -0.059  0.060 -0.169 
  36:   RdHhPk                0.411 -1.104 -0.051  0.310 
  37:   RdElvTFt             -0.260 -0.208 -0.416  0.155 
  38:   ScndFt               -1.102  0.958 -0.918  0.983 
  39:   CliffSpr             -0.390  0.048  0.157 -0.187 
  40:   Slpl20                0.297 -0.843  0.412  0.223 
  41:   Slpg20               -1.082  2.148 -0.589 -0.602 
  42:   NatDemAr             -0.211  0.508  0.061  0.103 
  43:   NatDemFt              0.245 -0.596 -0.384  0.697 
  44:   SubMtAr              -0.219  0.618  1.600 -0.198 
  45:   Shltr100              1.053  0.399  0.764 -1.233 
  46:   Shltr1km             -1.003  0.638  0.028  0.062 
  47:   RckShltr              1.909  1.697  1.155 -1.301 
  48:   Qry1km                0.372 -2.100  0.297 -1.016 
  49:   RavRivAr             -2.270  2.552 12.399  2.960 
  50:   LwHth                 0.785 -1.014 -0.042 -0.063 
  51:   GrsHth               -0.435  0.744 -0.758 -0.322 
  52:   Woodlds              -0.575 -0.113  0.856  0.051 
  53:   Swamp                 0.912 -1.965  0.126 -3.318 
  54:   O_RckFce             -0.092 -0.041 -0.228 -0.176 
  55:   HwkStne              -0.062  0.010 -0.151 -0.193 
  56:   NrrbStne              0.693 -0.832 -0.018  0.029 
  57:   Vis1000               0.688 -1.353 -0.203  0.293 
  58:   Vis6_1k               0.384 -1.093 -0.215  0.379 
  59:   Vis600                0.474 -0.777 -0.140 -0.132 
  60:   180_Vis               0.260 -0.700 -0.049  0.049 
  61:   AccSub               -0.211  0.530  0.053  0.042 
  62:   NoAccSub              0.307 -2.370  0.292 -0.517 
  63:   Cmplx_St             -0.145  0.164 -0.389 -0.052 
  64:   Size100m              0.379  0.064  1.140 -0.266 
  65:   PxMulti               0.593  0.200 -0.036 -1.029 
  66:   PxTrTpUn             -0.066  0.134 -0.303 -0.063 
  67:   PxEgv                -1.022  1.057 -0.956  0.767 
  68:   PxPtg                -1.387  3.492 -1.322 -1.037 
  69:   Px20AGG              -0.002 -0.041 -0.263 -0.748 
  70:   PxStnArg             -1.772  2.793 -1.682  1.244 
 
CA object scores (plot: matrix #) 
 
   1:   2                    -0.744  0.690 -0.050 -0.197 
   2:   3                    -1.774  1.258  9.953  2.748 
   3:   4                     0.217 -0.748  0.094  0.093 
   4:   10                    0.149 -0.630  0.357 -0.804 
   5:   11                    0.197 -1.395  0.508 -0.535 
   6:   12                    5.106  1.441  0.382  1.249 
   7:   14                    0.202 -0.093 -0.018 -0.502 
   8:   15                    0.133 -0.006 -0.051 -0.261 
   9:   22                    0.140 -0.973  0.090 -0.049 
  10:   27                    3.677  2.732  0.413 -1.249 
  11:   29                    0.138  0.910  0.151 -1.290 
  12:   42                    0.261 -0.722  0.005 -0.422 
  13:   53                   -0.573  0.078 -0.222  0.524 
  14:   78                    0.197 -0.940  0.005  0.427 
  15:   79                    0.255 -0.361  0.212 -0.456 
  16:   82                   -0.581  0.445 -0.006 -0.449 
  17:   83                   -0.108 -0.725  0.064  0.289 
  18:   85                   -0.141 -0.422 -0.239  0.279 
  19:   86                   -0.034 -0.475 -0.240  0.036 
  20:   92                   -0.078 -0.335  0.028 -0.069 
  21:   93                    0.007 -0.811  0.085 -0.260 
  22:   94                   -0.138 -0.958  0.502 -0.352 
  23:   95                   -0.085 -1.165  0.571 -0.344 
  24:   100                   0.150 -0.998 -0.007 -0.024 
  25:   101                   4.305  3.372  0.589 -1.056 
  26:   106                   0.421 -0.872  0.052 -1.196 
  27:   111                  -0.585  0.431  1.821  0.521 
  28:   118                  -0.117 -0.253 -0.269  0.343 
  29:   121                  -0.253 -0.155 -0.222  0.359 
  30:   125                  -0.067  0.230 -0.171 -0.338 
  31:   128                   0.301 -1.148  0.071 -0.242 
  32:   130                   0.034  0.138  0.253 -0.685 
  33:   132                   0.157  0.035  0.251 -0.720 
  34:   136                   0.338 -1.237 -0.120 -0.233 
  35:   137                   0.359 -1.306  0.128 -0.341 
  36:   138                   0.372 -1.654  0.166 -0.340 
  37:   139                   0.372 -1.654  0.166 -0.340 
  38:   140                   0.372 -1.654  0.166 -0.340 
  39:   141                   0.409 -1.670  0.193 -0.336 
  40:   143                   0.237 -1.097  0.125 -0.549 
  41:   144                   0.245 -1.286  0.375 -0.567 
  42:   145                   0.374 -1.410  0.351 -0.537 
  43:   146                  -0.016 -0.779  0.297  0.154 
  44:   147                   0.142 -0.461 -0.080 -0.262 
  45:   148                   0.169 -0.460 -0.041 -0.292 
  46:   149                   0.211 -0.516 -0.069 -0.230 
  47:   150                   0.190 -0.396 -0.081 -0.340 
  48:   151                   0.211 -0.516 -0.069 -0.230 
  49:   152                   0.325 -0.756 -0.053 -0.219 
  50:   156                   0.219 -0.461 -0.200 -0.331 
  51:   157                  -0.085 -0.114 -0.325 -0.235 
  52:   158                   0.285 -0.842 -0.127 -0.146 
  53:   159                  -0.095 -0.189 -0.236  0.085 
  54:   160                   0.123 -0.422 -0.149 -0.127 
  55:   162                  -0.029 -0.287  0.157 -0.074 
  56:   167                   0.196 -0.135 -0.139 -0.586 
  57:   168                  -0.297 -0.099  0.085 -0.354 
  58:   180                   0.007 -0.650  0.062 -0.258 
  59:   185                   0.070 -0.369 -0.037 -0.269 
  60:   186                   0.037 -0.391 -0.172 -0.244 
  61:   187                   0.121 -0.559 -0.064 -0.250 
  62:   188                  -0.106 -0.099 -0.293 -0.374 
  63:   189                  -0.051 -0.145 -0.226 -0.383 
  64:   190                  -0.258  0.032 -0.212 -0.070 
  65:   192                  -1.144  1.714 -0.814 -0.336 
  66:   193                  -1.064  1.652 -0.660 -0.350 
  67:   194                  -1.190  1.634 -0.765 -0.126 
  68:   195                  -1.258  1.813 -0.753 -0.107 
  69:   196                  -1.258  1.813 -0.753 -0.107 
  70:   197                  -1.194  1.765 -0.901 -0.315 
  71:   198                  -1.258  1.806 -0.901 -0.234 
  72:   199                  -1.106  1.619 -0.795 -0.381 
  73:   200                  -1.352  1.941 -0.889  0.044 
  74:   203                  -1.237  1.732 -0.726 -0.121 
  75:   217                  -0.273  0.125  0.549 -0.066 
  76:   229                  -0.515  0.678  0.169 -0.327 
  77:   237                  -0.640  1.275 -0.021 -0.564 
  78:   238                  -0.460  0.220 -0.178  0.041 
  79:   249                  -0.767  1.702  2.483 -0.099 
  80:   276                  -0.762  0.414 -0.190  0.772 
  81:   278                  -0.717  0.541 -0.331  0.480 
  82:   279                  -0.406  0.175 -0.031  0.034 
  83:   284                  -0.421 -0.171  0.191  0.219 
  84:   332                  -0.719  0.491 -0.091  0.440 
  85:   338                  -0.301 -0.312 -0.331  0.081 
  86:   339                  -0.538  0.893  0.259 -0.915 
  87:   367                  -0.654  0.291  0.058 -0.092 
  88:   377                  -0.617  1.001 -0.142 -0.325 
  89:   13                    1.863  0.553  0.082 -0.463 
  90:   21                    0.315 -0.793 -0.122  0.824 
  91:   43                    0.061  0.103 -0.040 -0.322 
  92:   58                    0.065 -0.390 -0.227 -0.101 
  93:   109                   0.874 -0.534  0.036  0.542 
  94:   113                   1.012 -0.124 -2.002  7.717 
  95:   126                  -0.290 -0.210 -0.033  0.293 
  96:   201                  -0.966  1.225 -0.743  0.244 
  97:   208                  -0.441  0.038 -0.229  0.530 
  98:   240                  -0.660  0.343 -0.134  0.354 
  99:   242                  -1.049  1.031 -0.250  0.352 
 100:   244                  -0.031  0.209 -0.525  0.634 
 101:   280                  -0.870  0.988 -0.066  0.125 
 102:   285                  -0.448  0.166 -0.169  0.546 
 103:   286                  -0.420  0.162 -0.213  0.416 
 104:   287                  -0.560  0.268 -0.182  0.623 
 105:   337                  -0.025 -0.533 -0.564  0.682 
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Figure 28:  Grinding groove @ high relative elevation MCA, object and variable plots with no significant detrend 
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4.4.5  Grinding Groove Analysis @ High Relative Elevation (Only) Detrend (DMCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\AHT.DAT 
 
Actual sum of CA eigenvalues: 1.26965 
 
Eigenvalues times 100 
                             19.667 11.524  9.146  8.133 
% 
                             15.490  9.077  7.204  6.406 
 
CUM % 
                             15.490 24.566 31.770 38.176 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   B_FksCob             -2.319 -1.195 -3.454  2.627 
   2:   AGGle5                1.118 -0.698  2.180  0.403 
   3:   AGGl5g20             -0.323  0.305 -1.416 -1.576 
   4:   AGGge20              -0.737  0.898 -0.841  3.102 
   5:   AGline               -0.866 -0.533  0.176 -0.217 
   6:   AGclustr              0.098  1.010  0.033 -0.517 
   7:   AGdple15              0.160 -1.072  1.330  0.338 
   8:   AGdpg15               0.038  1.098 -1.465 -0.026 
   9:   Engrave               0.450  0.494  4.449  2.715 
  10:   Egvm2m2m             -1.009  3.400  6.203  4.606 
  11:   Elv_600               2.233 -0.983  0.569  1.455 
  12:   Elv6_8               -0.043  3.354 -0.213 -2.889 
  13:   Elv_800              -1.538 -0.080 -0.379 -0.045 
  14:   H2O100                2.383  1.579 -2.214 -0.053 
  15:   H2O1_5               -0.568 -0.216  0.702  0.447 
  16:   Wells                 0.295  0.837 -0.729  1.880 
  17:   Ort_NS                1.433 -1.194 -0.685 -0.616 
  18:   Ort_EW               -0.669  0.811  0.414  0.556 
  19:   AcsOrt                0.125 -0.557 -0.356 -0.585 
  20:   RdHhPk               -1.157 -0.338  0.452 -0.738 
  21:   RdElvTFt              0.020 -0.888 -0.096  0.020 
  22:   ScndFt                1.501 -1.359  0.640 -0.153 
  23:   CliffSpr              0.227 -0.196 -0.102  0.525 
  24:   Slpl20               -0.930 -0.201  0.351 -0.313 
  25:   Slpg20                2.468  0.665 -0.753  0.862 
  26:   NatDemAr              0.532 -0.092  0.253  0.124 
  27:   NatDemFt             -0.594 -0.775  1.561 -1.263 
  28:   SubMtAr               0.480 -0.012  0.221 -0.114 
  29:   Shltr100             -0.372  5.538  1.426  1.055 
  30:   Shltr1km              1.067 -1.032 -0.027 -0.913 
  31:   RckShltr              0.138  8.271  3.159  0.983 
  32:   Qry1km               -1.996  0.018 -2.488  2.780 
  33:   LwHth                -1.260  0.122 -0.939 -0.621 
  34:   GrsHth                0.918  0.122 -0.269 -1.346 
  35:   Woodlds               0.087 -0.230  1.185  0.144 
  36:   O_RckFce              0.044 -0.165 -0.397  0.073 
  37:   HwkStne               0.055  0.065 -0.135  0.087 
  38:   NrrbStne             -1.091  0.496 -0.035 -2.046 
  39:   Vis1000              -1.508 -0.247 -0.175 -1.435 
  40:   Vis6_1k              -1.097 -0.650  0.453 -0.475 
  41:   Vis600               -0.859 -0.679  0.896  0.091 
  42:   180_Vis              -0.719 -0.277  0.346 -0.224 
  43:   AccSub                0.550  0.171  0.381 -0.701 
  44:   NoAccSub             -2.214 -1.093 -1.952  4.258 
  45:   Cmplx_St              0.234  0.037 -0.102  0.081 
  46:   Size100m             -0.322  0.465 -0.305  0.681 
  47:   PxMulti              -0.192  3.461  0.965 -1.223 
  48:   PxTrTpUn              0.185 -0.280 -0.247 -0.064 
  49:   PxEgv                 1.565 -0.864  0.837  1.138 
  50:   PxPtg                 3.832  1.636 -2.587 -0.888 
  51:   Px20AGG              -0.015  0.577 -1.001  0.421 
  52:   PxStnArg              3.538  0.091 -1.996  0.351 
 
CA object scores (plot: matrix #) 
 
   1:   2                     1.004 -1.034  0.107 -0.126 
   2:   3                     0.543 -0.710 -0.108  0.575 
   3:   4                    -0.773 -0.393  0.607 -0.610 
   4:   10                   -0.657  0.907 -1.669  0.766 
   5:   11                   -1.358 -0.080 -1.807  2.267 
   6:   12                   -0.900 -0.934  0.278 -1.404 
   7:   14                   -0.220  1.785  0.718 -0.135 
   8:   15                   -0.105  1.393  1.523  0.236 
   9:   22                   -0.921 -0.579  0.136 -0.657 
  10:   27                    0.259  3.364  0.236 -0.769 
  11:   29                    0.628  4.184 -0.972  0.023 
  12:   42                   -0.777  0.614 -0.436  0.655 
  13:   53                    0.387 -1.149  1.501 -0.102 
  14:   78                   -0.917 -0.886  1.134 -1.022 
  15:   79                   -0.505  0.941 -0.235  0.162 
  16:   82                    0.682  0.074 -0.203  0.382 
  17:   83                   -0.565 -1.041  0.002 -1.033 
  18:   85                   -0.264 -1.041  0.523 -1.303 
  19:   86                   -0.367 -0.783  0.067 -1.577 
  20:   92                   -0.231 -1.044  0.217 -0.990 
  21:   93                   -0.689 -1.160 -0.485  0.232 
  22:   94                   -0.630 -0.564 -0.708  0.493 
  23:   95                   -0.843 -0.923 -0.993  1.622 
  24:   100                  -0.936 -0.739 -0.142  0.321 
  25:   101                   0.691  1.037 -1.043  0.340 
  26:   106                  -0.802  1.586 -1.049 -0.445 
  27:   111                   0.274 -0.178  0.590 -0.483 
  28:   118                  -0.134 -0.856  0.747 -1.155 
  29:   121                   0.020 -1.034  0.814 -0.877 
  30:   125                   0.211  0.748  0.849 -1.061 
  31:   128                  -1.155 -0.161 -1.067 -0.343 
  32:   130                   0.061  1.249 -0.791 -0.861 
  33:   132                  -0.095  1.396 -0.806 -0.480 
  34:   136                  -1.232 -0.518 -0.206  0.056 
  35:   137                  -1.326 -0.082 -1.278  0.715 
  36:   138                  -1.630 -0.417 -1.631  0.513 
  37:   139                  -1.630 -0.417 -1.631  0.513 
  38:   140                  -1.630 -0.417 -1.631  0.513 
  39:   141                  -1.669 -0.344 -1.552  1.196 
  40:   143                  -1.085 -0.280 -0.911  1.542 
  41:   144                  -1.273 -0.427 -1.390  1.891 
  42:   145                  -1.456  0.023 -1.823  2.108 
  43:   146                  -0.693 -1.040 -0.075  0.705 
  44:   147                  -0.484  0.359 -0.019 -1.608 
  45:   148                  -0.507  0.483 -0.007 -1.677 
  46:   149                  -0.570  0.230 -0.254 -1.621 
  47:   150                  -0.457  0.387 -0.394 -1.326 
  48:   151                  -0.570  0.230 -0.254 -1.621 
  49:   152                  -0.832  0.428  0.037 -0.800 
  50:   156                  -0.504  0.310 -0.060 -1.503 
  51:   157                  -0.020  0.023 -0.498 -1.355 
  52:   158                  -0.871  0.123  0.027 -1.437 
  53:   159                  -0.094 -0.200  0.254 -1.171 
  54:   160                  -0.434  0.083 -0.172 -1.583 
  55:   162                  -0.262 -0.143  0.463 -0.060 
  56:   167                  -0.248  1.525 -0.295 -2.236 
  57:   168                   0.051  0.083 -0.230  0.288 
  58:   180                  -0.571 -0.464 -0.416  0.180 
  59:   185                  -0.365 -0.069  0.183  0.618 
  60:   186                  -0.349 -0.133  0.237  0.538 
  61:   187                  -0.550  0.030 -0.228 -1.714 
  62:   188                  -0.003 -0.356 -0.082  0.566 
  63:   189                  -0.082 -0.225  0.073  1.579 
  64:   190                   0.178 -0.520  0.579  0.951 
  65:   192                   2.161  0.070 -1.634 -0.062 
  66:   193                   2.046  0.124 -1.610  0.036 
  67:   194                   2.099  0.193 -0.987  0.398 
  68:   195                   2.296 -0.053 -1.139  0.227 
  69:   196                   2.296 -0.053 -1.139  0.227 
  70:   197                   2.246 -0.057 -1.711  0.015 
  71:   198                   2.316 -0.169 -1.680 -0.283 
  72:   199                   2.061 -0.495 -1.005 -0.294 
  73:   200                   2.477 -0.594 -0.719  0.091 
  74:   203                   2.216 -0.636 -0.439  0.037 
  75:   217                   0.170  0.402  1.516  0.851 
  76:   229                   0.850 -0.634 -0.284 -0.583 
  77:   237                   1.412  1.264 -0.134 -1.154 
  78:   238                   0.452 -0.715 -0.072 -0.434 
  79:   249                   1.372  3.346  1.064  1.164 
  80:   276                   0.781 -1.246  1.371  0.102 
  81:   278                   0.892 -1.353  0.562 -0.758 
  82:   279                   0.369 -0.730  0.793 -1.146 
  83:   284                   0.047 -0.499  0.833 -0.555 
  84:   332                   0.809 -0.821  0.810 -0.016 
  85:   338                  -0.084 -0.833  0.417  1.375 
  86:   339                   1.002  1.463 -0.729  1.169 
  87:   367                   0.594 -0.993  0.331  1.789 
  88:   377                   1.191  0.282 -1.331  1.206 
  89:   13                   -0.545  1.615  1.165  0.228 
  90:   21                   -0.851  1.147  2.233  1.474 
  91:   43                    0.044  1.246  0.749  0.589 
  92:   58                   -0.334  0.072 -0.167  0.477 
  93:   109                  -0.966  3.960  2.926  1.103 
  94:   113                  -0.275 -0.100  1.708  0.308 
  95:   126                  -0.107 -0.568  1.148 -0.399 
  96:   201                   1.645 -0.319  0.784  1.246 
  97:   208                   0.299 -0.492  1.296  0.115 
  98:   240                   0.541 -0.745  1.924  0.933 
  99:   242                   1.487 -0.068  0.910  1.112 
 100:   244                   0.236  1.005  1.140  1.186 
 101:   280                   1.223 -0.367  1.541  0.107 
 102:   285                   0.418 -1.125  1.404  0.799 
 103:   286                   0.401 -1.004  1.136  0.787 
 104:   287                   0.562 -1.185  1.521  0.423 
 105:   337                  -0.383 -0.244  1.289  2.344 
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Figure 29:  Grinding groove @ high relative elevation DMCA, object plot with detrend. 
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Figure 30:  Grinding groove @ high relative elevation DMCA analysis, variable plot with detrend. 
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4.5  Rock-Art Experimental (D)MCA 
4.5.1  Pigment Art +Stencils (All) Analysis No Detrend (MCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\ART.DAT 
 
Actual sum of CA eigenvalues: 2.45626 
 
Eigenvalues times 100 
                             30.699 23.978 18.901 14.933 
% 
                             12.498  9.762  7.695  6.080 
 
CUM % 
                             12.498 22.260 29.956 36.035 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   PtBdle5               3.109  0.581 -0.875  1.659 
   2:   PtBdg5                3.676  2.032  0.938 -4.547 
   3:   Axes                  3.109  0.581 -0.875  1.659 
   4:   Toolle5               1.245 -0.414 -0.510  3.508 
   5:   Toolg5                4.086  2.143  0.510 -3.319 
   6:   Cores                 1.988  0.520 -0.502  0.518 
   7:   Cortex                1.336  0.126 -0.339  1.402 
   8:   LgFkle5               0.791 -0.578 -0.360  2.797 
   9:   LgFkg5                3.769  1.905  0.152 -3.389 
  10:   LgMdFks               2.791  0.588 -0.453 -0.069 
  11:   SmFkle5               0.716 -0.634 -0.260  2.149 
  12:   SmFkg5                1.263  1.546 -0.682 -1.911 
  13:   SmMdFks               2.960  1.545 -0.162 -1.009 
  14:   WsteFkg2              1.044  0.049 -0.416  0.914 
  15:   GeoMic                4.907  2.367 -0.345 -0.862 
  16:   Ret_Use               3.763  1.618  0.112 -1.721 
  17:   MSC_Fks               0.982 -0.168 -0.356  1.209 
  18:   Q_Fks                 1.152  0.164 -0.594  0.755 
  19:   B_FksCob              2.845  1.698  0.052 -0.378 
  20:   Ochre                 0.734  0.143  0.242 -2.656 
  21:   ComplxFk              2.775  0.942 -0.303 -1.826 
  22:   ClsterFk              0.361 -0.340 -0.785  1.487 
  23:   SctterFk              0.283 -0.542 -0.692  2.832 
  24:   AGGle5               -2.306  5.347 16.033  5.272 
  25:   AGGl5g20              2.699  3.193  2.925 -1.691 
  26:   AGclustr              1.031  3.911  7.294  0.630 
  27:   AGdple15             -2.306  5.347 16.033  5.272 
  28:   AGdpg15               2.699  3.193  2.925 -1.691 
  29:   Ptgm2m2m             -0.301 -0.393  0.445 -0.027 
  30:   Elv_600              -0.419 -0.628  0.412 -0.535 
  31:   Elv6_8                1.850  1.830  0.764  2.235 
  32:   Elv_800              -0.921  2.017 -2.472  1.793 
  33:   HhReElv              -1.087  2.125  0.195  0.400 
  34:   H2O100                0.061 -1.014  0.146 -0.304 
  35:   H2O1_5               -1.562  2.152  0.280  0.290 
  36:   Wells                 1.580 -1.516 -0.605  3.100 
  37:   Ort_NS               -0.569  0.395 -0.511 -0.157 
  38:   Ort_EW               -0.094 -0.811  0.798 -0.131 
  39:   AcsOrt               -0.498 -0.730  0.226 -0.460 
  40:   RdHhPk               -1.775  4.582 -1.721  1.059 
  41:   RdElvTFt             -1.859  1.843 -1.504 -0.834 
  42:   ScndFt               -0.640  1.823 -1.753 -1.401 
  43:   CliffSpr             -1.679  2.347  0.038  0.774 
  44:   Slpl20                0.067 -0.775  0.672 -0.000 
  45:   Slpg20               -1.071  0.820 -0.807 -0.418 
  46:   NatDemAr             -0.916  0.208 -0.632 -1.031 
  47:   NatDemFt             -0.234  0.695 -1.494  0.245 
  48:   SubMtAr              -0.130 -0.841  0.097 -0.366 
  49:   Shltr1km             -1.570 -1.125  0.924 -2.965 
  50:   RckShltr             -0.316 -0.271  0.214 -0.133 
  51:   Qry1km                1.650 -0.532 -0.624  1.565 
  52:   RavRivAr             -0.113 -1.165 -0.129 -0.277 
  53:   LwHth                -1.119  0.351 -1.067  1.960 
  54:   GrsHth                2.723  1.199  0.079 -0.379 
  55:   Woodlds              -0.371 -0.191  0.245 -0.279 
  56:   Swamp                -0.618 -0.649 -0.760  2.534 
  57:   O_RckFce              3.244  0.426 -0.475  1.119 
  58:   HwkStne              -0.166  0.636  1.984  0.244 
  59:   NrrbStne             -0.719  0.680  0.618  0.112 
  60:   Vis1000              -3.324  5.950 -5.099  0.336 
  61:   Vis6_1k              -3.324  5.950 -5.099  0.336 
  62:   180_Vis              -1.586  3.398 -2.175  0.939 
  63:   AccSub               -0.407 -0.268  0.172 -0.132 
  64:   Cmplx_St             -0.307 -0.469  0.060 -0.532 
  65:   Size100m              4.710  3.241  2.590 -5.715 
  66:   PxMulti              -0.051 -0.611  0.118 -0.232 
  67:   PxTrTpUn             -0.035  0.300 -0.408  0.265 
  68:   PxEgv                -1.028 -0.722 -0.331 -1.336 
  69:   PxPtg                -0.571 -0.398 -0.231 -0.508 
  70:   Px20AGG               0.086  0.467 -1.078  0.572 
  71:   PxStnArg              0.901  0.725 -0.655 -2.458 
 
CA object scores (Plot: P= paintings/drawings no stencil; S= 
stencil only; X= both painting/drawing and stencil) 
 
   1:   S                    -1.501  1.374 -0.499 -0.341 
   2:   S                     0.004 -0.877 -0.474  1.832 
   3:   S                     2.719  1.156 -0.151 -0.336 
   4:   S                    -0.384 -0.755  0.886 -1.019 
   5:   S                    -0.866  1.008 -0.641  0.131 
   6:   S                    -0.452  1.271 -1.317 -0.324 
   7:   S                    -1.019  0.747 -0.623 -0.686 
   8:   S                    -0.507 -0.986  0.139 -0.734 
   9:   S                    -0.022 -0.681 -0.374  0.626 
  10:   S                    -0.785 -0.629 -0.074 -0.932 
  11:   S                    -1.311  0.932 -0.170  0.208 
  12:   X                     2.608  1.584  1.127 -2.208 
  13:   X                    -0.384 -0.755  0.886 -1.019 
  14:   X                     0.380  1.539  1.414  0.903 
  15:   X                    -0.249 -0.641  0.179 -1.377 
  16:   X                    -0.163  1.280 -0.709  0.234 
  17:   X                    -1.019  0.422  0.541 -0.448 
  18:   X                    -0.511 -0.791  0.041 -0.565 
  19:   X                     1.547  0.020 -0.471  1.186 
  20:   X                     0.162 -0.064 -0.281 -1.578 
  21:   X                     1.463  0.401 -0.310 -1.306 
  22:   X                    -0.478 -0.621  0.020 -1.162 
  23:   X                     0.390 -0.664 -0.232  0.706 
  24:   X                    -0.437 -1.272  0.562 -0.674 
  25:   X                    -0.153 -0.818 -0.036  0.301 
  26:   P                    -0.945  0.223  0.110 -0.471 
  27:   P                     0.029 -0.764 -0.003 -0.436 
  28:   P                    -0.106 -0.741  0.047  0.932 
  29:   P                    -0.869 -0.549  0.403 -1.147 
  30:   P                     0.261 -0.718  0.245  1.382 
  31:   P                    -1.492  2.281 -1.446  0.198 
  32:   P                    -1.845  2.917 -2.219  0.131 
  33:   P                     0.412 -0.250  0.225  1.059 
  34:   P                    -0.686 -0.375  0.503 -0.410 
  35:   P                    -0.522 -0.980  0.656 -0.652 
  36:   P                    -0.485 -0.993  0.746 -0.601 
  37:   P                     0.181 -0.043 -0.293  0.911 
  38:   P                     0.696 -0.381 -0.586  1.570 
  39:   P                    -0.154 -0.110 -0.594  1.677 
  40:   P                     0.588  1.134 -0.168  1.829 
  41:   P                    -1.280  2.614  6.967  2.029 
  42:   P                    -0.415 -0.719  0.187 -0.354 
  43:   P                    -0.425 -1.125  0.387 -0.556 
  44:   P                     0.148 -0.947  0.167  1.099 
  45:   P                    -0.036 -1.042  0.127 -0.055 
  46:   P                    -0.033 -1.096  0.183  0.265 
  47:   P                    -0.505 -1.073  0.318 -0.729 
  48:   P                    -0.527 -0.608 -0.150 -0.807 
  49:   P                     0.901 -0.328 -0.522  1.070 
  50:   P                     1.560  0.583 -0.401 -1.390 
  51:   P                    -0.678 -0.654  0.505 -0.761 
  52:   P                    -1.243  0.600 -0.031 -0.515 
  53:   P                     0.527 -0.354 -0.545  1.046 
  54:   P                     0.876 -0.744 -0.264  1.198 
  55:   P                    -1.197  0.505  0.041 -0.485 
  56:   P                    -0.923 -0.214  0.047 -0.663 
  57:   P                    -0.923 -0.214  0.047 -0.663 
  58:   P                    -0.651 -0.763  0.066 -0.810 
  59:   P                     0.233 -0.862 -0.026  0.231 
  60:   P                     0.703 -0.462 -0.434  0.692 
  61:   P                    -0.342 -1.307  0.587 -0.687 
  62:   P                    -0.453 -0.820  0.098 -0.599 
  63:   P                    -0.351 -1.289  0.384  0.278 
  64:   P                    -0.533  0.403 -0.236  0.220 
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Figure 31:  Pigment art + stencils (all) MCA, object and variable plots with no significant detrend. 
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4.5.2  Pigment Art +Stencils (All) Analysis Detrend (DMCA) 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\ART.DAT 
 
Actual sum of CA eigenvalues: 1.82774 
 
Eigenvalues times 100 
                             26.326 20.838 13.953 11.600 
% 
                             14.403 11.401  7.634  6.347 
 
CUM % 
                             14.403 25.804 33.438 39.785 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   Toolle5               1.697  0.014  2.808 -3.120 
   2:   Cores                 2.291  1.174 -0.052 -0.416 
   3:   Cortex                1.623  0.487  1.243 -0.673 
   4:   LgFkle5               1.159 -0.392  2.784 -1.374 
   5:   LgFkg5                3.799  2.441 -4.028  1.721 
   6:   LgMdFks               2.978  1.105 -0.853 -0.271 
   7:   SmFkle5               1.036 -0.464  2.261 -0.622 
   8:   SmFkg5                1.245  2.373 -2.345  0.991 
   9:   SmMdFks               3.050  2.155 -1.757 -0.476 
  10:   WsteFkg2              1.286  0.411  0.809 -0.280 
  11:   Ret_Use               3.661  1.924 -2.211  1.120 
  12:   MSC_Fks               1.250  0.156  1.196  0.126 
  13:   Q_Fks                 1.399  0.712  0.482 -0.161 
  14:   B_FksCob              3.193  2.392 -1.157 -0.983 
  15:   Ochre                 0.900  0.362 -2.945  0.830 
  16:   ComplxFk              2.980  1.540 -2.480  1.475 
  17:   ClsterFk              0.627  0.189  1.272 -1.679 
  18:   SctterFk              0.587 -0.109  3.436  2.487 
  19:   Ptgm2m2m             -0.228 -0.628 -0.031 -0.497 
  20:   Elv_600              -0.409 -0.703 -0.512  0.259 
  21:   Elv6_8                1.835  1.812  1.409 -2.885 
  22:   Elv_800              -0.818  2.378  2.342 -0.069 
  23:   HhReElv              -1.462  2.213  0.212 -0.653 
  24:   H2O100                0.212 -1.042 -0.282  0.420 
  25:   H2O1_5               -1.968  2.087  0.301 -1.244 
  26:   Ort_NS               -0.678  0.515  0.394  0.794 
  27:   Ort_EW                0.041 -0.983 -0.611 -0.685 
  28:   AcsOrt               -0.504 -0.816 -0.313 -0.019 
  29:   RdElvTFt             -2.246  2.145 -0.310  0.396 
  30:   ScndFt               -0.741  2.350 -1.326  1.248 
  31:   CliffSpr             -2.071  2.532  0.729  0.113 
  32:   Slpl20                0.180 -1.001 -0.081  0.171 
  33:   Slpg20               -1.237  1.164 -0.207 -0.235 
  34:   NatDemAr             -1.053  0.285 -0.893 -0.554 
  35:   NatDemFt             -0.209  0.901  0.280 -1.015 
  36:   SubMtAr              -0.048 -0.848 -0.288  0.131 
  37:   RckShltr             -0.296 -0.327 -0.119  0.046 
  38:   Qry1km                1.923  0.015  1.668  4.355 
  39:   RavRivAr              0.049 -1.132 -0.121  0.479 
  40:   LwHth                -1.344  1.015  4.011  8.624 
  41:   GrsHth                2.774  1.506 -0.370  1.091 
  42:   Woodlds              -0.366 -0.259 -0.328 -0.376 
  43:   Swamp                -0.529 -0.271  4.131  6.372 
  44:   HwkStne              -0.307  0.170 -0.658 -0.824 
  45:   NrrbStne             -0.825  0.444 -0.130 -0.027 
  46:   180_Vis              -1.883  3.978  0.978 -1.770 
  47:   AccSub               -0.382 -0.313 -0.073 -0.006 
  48:   Cmplx_St             -0.288 -0.563 -0.416  0.022 
  49:   PxMulti               0.027 -0.741 -0.230 -0.479 
  50:   PxTrTpUn             -0.050  0.476  0.798  0.113 
  51:   PxEgv                -1.173 -0.636 -0.775  4.458 
  52:   PxPtg                -0.581 -0.403 -0.458 -0.376 
  53:   Px20AGG               0.097  0.687  0.667  1.253 
  54:   PxStnArg              0.889  1.463 -2.900  2.433 
 
CA object scores (Plot: P= paintings/drawings no stencil; S= 
stencil only; X= both painting/drawing and stencil) 
 
   1:   S                    -1.886  1.612 -0.156 -0.729 
   2:   S                     0.194 -0.588  2.930  4.649 
   3:   S                     2.266  1.481 -1.239  0.806 
   4:   S                    -0.344 -1.025 -1.329 -0.179 
   5:   S                    -1.046  1.377  0.275  0.731 
   6:   S                    -0.523  1.882 -0.163 -0.312 
   7:   S                    -1.274  1.080 -0.216  3.313 
   8:   S                    -0.452 -1.140 -0.746 -0.282 
   9:   S                     0.158 -0.567  0.822 -0.739 
  10:   S                    -0.827 -0.674 -0.814 -0.090 
  11:   S                    -1.657  1.183  0.922  1.680 
  12:   X                     2.257  1.120 -1.609  0.531 
  13:   X                    -0.344 -1.025 -1.329 -0.179 
  14:   X                     0.102  0.358  1.208 -1.275 
  15:   X                    -0.198 -0.660 -1.303  0.638 
  16:   X                    -0.215  1.938  0.153 -0.381 
  17:   X                    -1.238  0.396 -0.705 -0.606 
  18:   X                    -0.483 -0.881 -0.423  0.011 
  19:   X                     1.625  0.336  0.631 -0.198 
  20:   X                     0.266  0.229 -1.770  0.938 
  21:   X                     1.363  0.568 -1.092  0.389 
  22:   X                    -0.471 -0.574 -1.124  0.315 
  23:   X                     0.675 -0.478  0.785  0.212 
  24:   X                    -0.345 -1.549 -0.709 -0.209 
  25:   X                    -0.009 -0.858  0.543 -0.410 
  26:   P                    -1.133  0.181 -0.178 -0.263 
  27:   P                     0.194 -0.646 -0.577 -0.225 
  28:   P                     0.079 -0.712  1.026 -0.244 
  29:   P                    -0.838 -0.634 -0.721 -0.070 
  30:   P                     0.530 -0.685  1.220 -0.747 
  31:   P                    -1.744  2.333  0.398 -0.440 
  32:   P                    -1.677  2.020  0.185 -0.503 
  33:   P                     0.634 -0.156  0.805 -1.173 
  34:   P                    -0.746 -0.552 -0.399 -0.442 
  35:   P                    -0.483 -1.281 -0.740 -0.299 
  36:   P                    -0.432 -1.310 -0.702 -0.234 
  37:   P                     0.374  0.167  1.049  0.265 
  38:   P                     1.069 -0.063  1.428 -1.250 
  39:   P                    -0.022  0.177  2.347  2.100 
  40:   P                     0.762  1.623  1.331 -2.295 
  41:   P                    -1.315  0.590 -0.290 -0.912 
  42:   P                    -0.372 -0.857 -0.174  0.647 
  43:   P                    -0.348 -1.332 -0.332  0.584 
  44:   P                     0.408 -0.999  0.938 -0.868 
  45:   P                     0.150 -1.037 -0.063  0.316 
  46:   P                     0.175 -1.152  0.249 -0.547 
  47:   P                    -0.462 -1.294 -0.546  0.117 
  48:   P                    -0.499 -0.668 -0.723 -0.195 
  49:   P                     0.829 -0.182  0.751 -1.024 
  50:   P                     1.907  1.283 -2.084  0.624 
  51:   P                    -0.710 -0.862 -0.893 -0.468 
  52:   P                    -1.536  0.686 -0.341 -0.547 
  53:   P                     0.795 -0.024  1.243 -0.113 
  54:   P                     0.906 -0.520  0.664 -0.613 
  55:   P                    -1.463  0.549 -0.324 -0.606 
  56:   P                    -1.045 -0.258 -0.414 -0.247 
  57:   P                    -1.045 -0.258 -0.414 -0.247 
  58:   P                    -0.678 -0.910 -0.593  0.931 
  59:   P                     0.470 -0.765  0.124  0.043 
  60:   P                     1.017 -0.105  0.673  0.435 
  61:   P                    -0.226 -1.575 -0.746 -0.004 
  62:   P                    -0.397 -0.961 -0.511 -0.315 
  63:   P                    -0.214 -1.464  0.616  1.193 
  64:   P                    -0.581  0.632  0.222 -0.281 
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Figure 32:  Pigment art + stencils (all) DMCA, object and variable plots with detrend. 
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4.5.3  Pigment and Stencil Art Combination Analysis Detrend (DMCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\STNPT.DAT 
 
Actual sum of CA eigenvalues: 1.02461 
 
Eigenvalues times 100 
                             30.060 19.950 15.266  9.465 
% 
                             29.339 19.471 14.900  9.237 
 
CUM % 
                             29.339 48.809 63.709 72.947 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   PtBdg5                2.391  1.638  0.993 -0.253 
   2:   Toolg5                2.391  1.638  0.993 -0.253 
   3:   Cores                 1.646  0.416  0.855 -1.460 
   4:   Cortex                0.810 -1.229  0.975 -0.794 
   5:   LgFkle5              -0.546 -2.529  1.741  0.551 
   6:   LgFkg5                2.391  1.638  0.993 -0.253 
   7:   LgMdFks               2.391  1.638  0.993 -0.253 
   8:   SmFkle5              -0.112 -1.630  1.750  0.837 
   9:   SmFkg5                1.869  0.327 -2.840  1.004 
  10:   SmMdFks               2.391  1.638  0.993 -0.253 
  11:   WsteFkg2              1.141 -0.912 -0.505 -0.022 
  12:   Ret_Use               2.391  1.638  0.993 -0.253 
  13:   MSC_Fks               0.734 -0.921  1.486  0.211 
  14:   Q_Fks                 1.380  0.149 -0.829  0.030 
  15:   Ochre                 0.730 -0.483 -2.054 -1.221 
  16:   ComplxFk              1.787  0.874 -1.298  1.330 
  17:   Ptgm2m2m             -0.605 -0.027  0.468 -0.630 
  18:   Elv_600              -0.565  0.424 -0.199 -0.157 
  19:   H2O100               -0.565  0.424 -0.199 -0.157 
  20:   Ort_NS                0.338 -1.555 -0.985 -0.746 
  21:   Ort_EW               -1.499  1.682  0.942  0.534 
  22:   AcsOrt               -0.763  0.088 -0.874 -0.702 
  23:   ScndFt                1.102  0.657 -2.046  3.240 
  24:   Slpl20                0.009 -0.776 -0.050  0.146 
  25:   Slpg20               -2.775  3.031 -0.376 -1.560 
  26:   NatDemAr             -0.665  0.412  0.097  2.901 
  27:   NatDemFt              0.086  0.636  2.931  3.824 
  28:   SubMtAr              -0.565  0.424 -0.199 -0.157 
  29:   RavRivAr             -0.979  0.436  0.116  0.492 
  30:   NrrbStne              0.382 -2.905 -2.545  2.134 
  31:   Cmplx_St             -0.038 -0.631  0.024 -0.185 
  32:   PxMulti              -0.112 -0.434 -0.473 -1.021 
  33:   PxTrTpUn             -0.511  0.086  0.563 -0.072 
  34:   PxPtg                -0.726 -0.094 -0.146 -0.100 
  35:   Px20AGG              -0.255  0.774  0.877 -2.243 
  36:   PxStnArg             -0.444  1.109 -2.056  1.295 
 
CA object scores (plot: matrix #) 
 
   1:   27                    1.731  0.582  0.078 -0.766 
   2:   79                    0.102 -2.303  0.310 -0.073 
   3:   113                  -0.535 -0.249 -1.216 -0.927 
   4:   263                  -1.397  1.065  0.103 -1.490 
   5:   314                   0.318 -0.291 -2.298  1.386 
   6:   319                   0.889  0.878  0.697  0.609 
   7:   335                  -1.648  1.646 -0.399  0.528 
   8:   349                   0.087 -0.906  0.228 -1.191 
   9:   350                  -1.163  0.481 -0.157 -0.570 
  10:   400                  -0.588 -1.000  0.595  0.197 
  11:   408                  -0.796 -0.311  1.591  1.742 
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Figure 33:  Pigment art and stencil combination sites DMCA, object and variable plots with detrend. 
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4.5.4  Stencil Analysis (All) Detrend (DMCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\STENCIL.DAT 
 
Actual sum of CA eigenvalues: 1.49273 
 
Eigenvalues times 100 
                             27.852 22.584 15.450 10.791 
% 
                             18.659 15.129 10.350  7.229 
 
CUM % 
                             18.659 33.788 44.138 51.367 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   Toolg5                3.129  2.041 -1.205 -1.436 
   2:   Cores                 1.840  1.512  0.483  0.505 
   3:   Cortex                1.280  0.494  1.280  0.407 
   4:   LgFkle5               0.592 -1.288  2.608  1.456 
   5:   LgFkg5                3.129  2.041 -1.205 -1.436 
   6:   LgMdFks               2.865  1.683 -0.507  0.579 
   7:   SmFkle5               0.753 -1.115  2.528  1.493 
   8:   SmFkg5                0.301  2.361 -0.019 -1.633 
   9:   SmMdFks               3.129  2.041 -1.205 -1.436 
  10:   WsteFkg2              1.005  1.002  1.066 -0.331 
  11:   Ret_Use               2.865  1.683 -0.507  0.579 
  12:   MSC_Fks               0.922  0.721  1.695  0.443 
  13:   Q_Fks                 1.160  1.362  0.023 -0.194 
  14:   Ochre                 0.347 -0.256 -1.060 -0.382 
  15:   ComplxFk              2.370  1.357 -0.714 -0.032 
  16:   ClsterFk             -0.809  0.500  3.203 -1.996 
  17:   SctterFk              0.233 -0.022  1.882  3.912 
  18:   Ptgle2               -0.702  0.967 -0.965  3.711 
  19:   Ptgg2                 0.580 -1.290  0.074 -1.599 
  20:   Ptgm2m2m              0.599 -1.425  0.235 -1.511 
  21:   Elv_600              -0.458 -0.512 -0.298  0.183 
  22:   HhReElv              -1.531  2.087  0.228  0.349 
  23:   H2O100                0.191 -0.912 -0.638  0.292 
  24:   H2O1_5               -2.068  2.107  1.475 -0.726 
  25:   Ort_NS               -0.347  0.302  1.508  0.113 
  26:   Ort_EW               -0.311 -0.819 -2.085 -0.009 
  27:   AcsOrt               -0.398 -0.708 -0.516 -0.496 
  28:   RdElvTFt             -2.225  1.570 -0.582 -0.607 
  29:   ScndFt               -0.594  1.555 -0.182 -1.202 
  30:   CliffSpr             -2.619  2.102 -0.148  0.979 
  31:   Slpl20                0.555 -0.779  0.023  0.704 
  32:   Slpg20               -2.004  0.848 -0.478 -1.166 
  33:   NatDemAr             -0.750 -0.205  0.104 -1.165 
  34:   NatDemFt              0.021 -0.025  1.154 -0.226 
  35:   SubMtAr               0.140 -0.796 -0.531 -0.026 
  36:   RckShltr             -0.283 -0.336 -0.272  0.259 
  37:   RavRivAr              0.041 -1.317  0.262 -0.204 
  38:   LwHth                -1.474 -0.370  2.559  1.680 
  39:   Woodlds              -0.366 -0.252 -0.435 -0.559 
  40:   HwkStne              -0.061  0.650 -1.785  3.310 
  41:   NrrbStne             -0.644  0.877 -1.676  1.374 
  42:   180_Vis              -2.484  2.834  0.295 -0.304 
  43:   AccSub               -0.482 -0.364 -0.050  0.039 
  44:   Cmplx_St             -0.301 -0.164 -0.344  0.385 
  45:   PxMulti               0.426 -0.568 -0.731  0.113 
  46:   PxTrTpUn             -0.137 -0.436  1.509 -1.344 
  47:   PxPtg                -0.244 -0.776 -0.351 -0.084 
  48:   Px20AGG               0.627  0.786 -0.459  1.199 
  49:   PxStnArg              0.262  0.711 -0.724 -1.724 
 
CA object scores (Plot: matrix #) 
 
   1:   5                    -1.887  1.173 -0.309 -0.234 
   2:   6                    -0.050 -0.961  1.992  1.766 
   3:   27                    1.783  0.851 -0.178 -0.857 
   4:   30                    1.816  1.661 -1.050  0.165 
   5:   71                   -0.307 -0.625 -1.863  1.677 
   6:   72                   -0.239 -0.802 -1.824  1.035 
   7:   79                    0.009 -0.051  1.070  0.590 
   8:   86                   -1.188  1.194 -0.470  0.441 
   9:   113                   0.009 -1.059 -0.389 -1.009 
  10:   117                  -0.808  1.322  1.133 -1.649 
  11:   184                  -0.860  1.677  1.123 -0.501 
  12:   209                  -1.133  0.760 -0.223  0.750 
  13:   257                  -1.410  0.500 -1.403  1.548 
  14:   263                  -0.265 -1.119 -0.764 -0.810 
  15:   276                   1.094  0.287  0.623  2.175 
  16:   314                   0.207  0.026 -0.607 -0.817 
  17:   319                   1.353  0.395 -0.194 -0.722 
  18:   321                  -0.331 -1.231 -0.696 -0.306 
  19:   333                   0.069 -0.852  1.452 -0.209 
  20:   335                  -0.426 -1.097 -0.653 -1.833 
  21:   349                   0.638 -0.565  0.813  0.744 
  22:   350                  -0.001 -1.632 -0.966 -0.631 
  23:   382                  -0.857 -0.712 -1.279 -0.324 
  24:   384                  -1.817  0.697  0.927 -0.071 
  25:   400                   0.179 -1.300  0.868 -0.169 
  26:   408                  -0.110 -1.199  1.326 -0.259 
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Figure 34:  Stencil DMCA, object and variable plots with detrend. 
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4.5.5  Stencil and Engraving Analysis Detrend (DMCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\STNE.DAT 
 
Actual sum of CA eigenvalues: 2.08732 
 
Eigenvalues times 100 
                             42.692 19.436 13.159 12.003 
% 
                             20.453  9.311  6.304  5.750 
 
CUM % 
                             20.453 29.764 36.069 41.819 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   Cores                 1.816  3.307 -0.661 -1.232 
   2:   Cortex                1.738  2.010  0.019  0.826 
   3:   LgFkle5               1.866  0.045  0.560  3.850 
   4:   LgMdFks               1.875  4.462  0.515 -2.257 
   5:   SmFkle5               1.842  0.336  0.576  3.385 
   6:   SmFkg5                0.734  2.324 -2.714 -1.025 
   7:   SmMdFks               0.958  4.216  0.158 -1.205 
   8:   WsteFkg2              1.580  2.162 -1.164  0.263 
   9:   Ret_Use               1.875  4.462  0.515 -2.257 
  10:   MSC_Fks               1.298  2.060 -0.825  1.321 
  11:   Q_Fks                 1.532  2.389 -1.369 -1.113 
  12:   Ochre                 1.504 -0.177 -0.766 -1.129 
  13:   ComplxFk              1.836  3.598 -0.048 -2.264 
  14:   ClsterFk              0.712  0.456 -3.603  3.297 
  15:   SctterFk              1.633  0.689 -0.760  1.180 
  16:   AGGle5               -1.566 -0.021  0.053 -0.856 
  17:   AGGl5g20              0.337  1.737  4.213  2.386 
  18:   AGGge20              -1.918  0.721  0.729  0.954 
  19:   AGline               -1.676  0.458 -0.368  0.424 
  20:   AGclustr             -0.953  1.204  2.745  1.152 
  21:   AGdple15             -1.661 -0.128 -0.394 -0.566 
  22:   AGdpg15              -0.781  1.326  2.467  0.877 
  23:   Egvm2m2m             -1.317  0.685  1.099  2.225 
  24:   Ptgle2                1.229 -0.133 -2.289 -3.027 
  25:   Ptgg2                 1.716 -0.684  1.400  0.981 
  26:   Ptgm2m2m              1.720 -0.766  1.770  1.308 
  27:   Elv_600               0.270 -0.949 -0.223 -0.349 
  28:   Elv6_8               -0.310  1.829  3.206 -1.817 
  29:   Elv_800              -1.022  1.199 -0.960  2.839 
  30:   HhReElv              -0.863  0.099 -0.649 -0.366 
  31:   H2O100                0.927 -0.878  1.010 -0.712 
  32:   H2O1_5               -0.990  0.137 -1.109  0.510 
  33:   Wells                -1.622  0.576  3.077 -0.199 
  34:   Ort_NS                0.320 -0.181 -1.258  0.906 
  35:   Ort_EW               -0.149 -0.639  1.226 -1.110 
  36:   AcsOrt                0.144 -0.891  0.569 -0.561 
  37:   RdHhPk               -1.153  0.478 -0.153  2.175 
  38:   RdElvTFt             -1.085 -0.220 -1.473  0.109 
  39:   ScndFt               -0.945  0.391 -1.188 -0.122 
  40:   CliffSpr             -1.097 -0.334 -0.514 -0.696 
  41:   Slpl20                0.158  0.026  0.416  0.631 
  42:   Slpg20               -0.117 -1.385 -0.689 -1.868 
  43:   NatDemAr             -0.463 -0.398 -0.900  0.421 
  44:   NatDemFt             -0.341  0.126 -1.640  1.240 
  45:   SubMtAr               0.953 -0.720  0.527 -0.332 
  46:   Shltr100              1.086 -0.641 -0.122 -0.213 
  47:   Shltr1km             -1.346 -0.463  0.202 -0.436 
  48:   RckShltr              1.207 -0.765  0.055 -0.186 
  49:   Qry1km               -0.491  1.766  1.670  0.025 
  50:   RavRivAr              1.467 -1.195  0.803  0.889 
  51:   LwHth                -0.422 -0.342  0.390  1.583 
  52:   GrsHth               -1.023  1.703  1.388 -1.525 
  53:   Woodlds               0.437 -0.786 -0.282 -0.383 
  54:   O_RckFce             -1.303  0.327  0.611 -0.540 
  55:   HwkStne              -0.775  0.034  0.331 -0.869 
  56:   NrrbStne              0.151  0.155 -0.613 -1.228 
  57:   Vis1000              -1.720  1.386  0.919  1.785 
  58:   Vis6_1k              -1.709  0.655  0.031  0.514 
  59:   Vis600               -1.981  0.734  1.307  0.743 
  60:   180_Vis              -1.274  0.200 -0.360  0.012 
  61:   AccSub                0.139 -0.648 -0.017 -0.058 
  62:   Cmplx_St              0.010 -0.291 -0.003 -0.175 
  63:   Size100m             -1.255  1.103  0.747 -0.280 
  64:   PxMulti               0.879 -0.347  0.989 -0.580 
  65:   PxTrTpUn             -0.209 -0.138  0.110  0.907 
  66:   PxEgv                -1.447 -0.058 -0.094  0.397 
  67:   PxPtg                 1.166 -1.250 -0.690  0.145 
  68:   Px20AGG              -0.280  0.382  0.363 -0.667 
  69:   PxStnArg              0.374  0.398 -1.671 -0.404 
 
CA object scores (plot: prime variable) 
 
   1:   S                     0.065 -1.072 -1.189 -0.706 
   2:   S                     1.038 -0.238  0.433  1.727 
   3:   S                     1.157  2.277  0.881 -0.550 
   4:   S                     0.920  2.767  0.294 -2.054 
   5:   S                     0.841 -1.187  0.019 -1.721 
   6:   S                     0.776 -1.243  0.415 -1.282 
   7:   S                     0.623  0.653  1.402  1.670 
   8:   S                     0.085 -0.267 -1.186 -0.803 
   9:   S                     1.088 -1.221  0.277 -0.033 
  10:   S                     0.327  0.565 -2.798  0.758 
  11:   S                     0.622  0.681 -2.284 -0.319 
  12:   S                    -0.028 -0.644 -0.963 -0.225 
  13:   S                     0.201 -1.251 -0.604 -1.978 
  14:   S                     0.966 -1.587  1.040 -0.476 
  15:   S                     1.548  1.520 -0.449 -0.176 
  16:   S                     1.096  0.061 -0.834 -0.793 
  17:   S                     1.274  1.299  0.018 -0.348 
  18:   S                     0.688 -1.458  0.302 -0.161 
  19:   S                     1.157 -0.500 -0.560  1.840 
  20:   S                     0.909 -1.571  0.614 -0.301 
  21:   S                     1.597  0.194  0.097  0.888 
  22:   S                     1.237 -1.682  1.365 -0.102 
  23:   S                     0.786 -1.737  0.219 -0.995 
  24:   S                    -0.009 -1.154 -0.737 -0.196 
  25:   S                     1.318 -0.931  0.654  1.625 
  26:   S                     1.070 -0.830  0.066  2.157 
  27:   E                    -0.961  0.285  1.035 -1.147 
  28:   E                    -0.199 -1.009  0.524 -0.998 
  29:   E                    -1.168  0.469  0.672  0.968 
  30:   E                    -0.515  0.325  1.234  1.637 
  31:   E                    -0.851  1.088 -0.966  1.280 
  32:   E                    -1.064 -0.328  0.293 -1.275 
  33:   E                    -1.304  0.392  0.455 -0.318 
  34:   E                    -0.687 -0.233 -1.093  0.604 
  35:   E                    -0.812 -0.694  0.609 -1.124 
  36:   E                    -0.805 -0.161 -1.087  0.840 
  37:   E                    -0.387 -0.196  2.589  0.540 
  38:   E                    -1.344  0.689  1.514 -0.050 
  39:   E                    -0.850 -0.132 -0.644 -0.179 
  40:   E                    -1.191 -0.100 -0.786  0.086 
  41:   E                    -1.128 -0.073 -0.675  0.106 
  42:   E                    -1.108 -0.138 -0.747 -0.095 
  43:   E                    -1.436  0.611  0.594  0.541 
  44:   E                    -0.255 -0.365  1.570 -1.576 
  45:   E                    -1.133  0.202  0.112  0.271 
  46:   E                    -1.269 -0.172  0.175 -0.164 
  47:   E                    -0.710 -0.707 -0.787 -0.099 
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Figure 35:  Stencil and engraving DMCA, object and variable plots with detrend. 
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4.5.6  Engraving Analysis No Detrend (MCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\EGV.DAT 
 
Actual sum of CA eigenvalues: 1.23535 
 
Eigenvalues times 100 
                             21.490 14.076 11.908 11.453 
% 
                             17.396 11.394  9.640  9.271 
 
CUM % 
                             17.396 28.790 38.430 47.701 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   WsteFkg2              4.133  0.242  2.126  1.955 
   2:   MSC_Fks               3.451 -0.622  2.965  0.633 
   3:   Q_Fks                 4.133  0.242  2.126  1.955 
   4:   AGGle5               -0.757  0.141 -0.973  0.199 
   5:   AGGl5g20              1.151  1.752 -1.236 -6.513 
   6:   AGGge20              -0.181 -0.817 -1.211  2.511 
   7:   AGline               -0.422 -0.760 -0.483  2.116 
   8:   AGclustr              0.701 -0.123 -2.172 -1.418 
   9:   AGdple15             -1.100 -0.663 -0.594  1.053 
  10:   AGdpg15               0.277  0.360 -1.466 -0.788 
  11:   Egvm2m2m              0.685 -0.623  0.513 -2.654 
  12:   Elv_600              -1.678 -0.067  0.910 -0.237 
  13:   Elv6_8               -0.333  2.040 -2.513 -1.123 
  14:   Elv_800               2.478  0.023  0.544 -0.013 
  15:   HhReElv              -0.080 -0.100  0.085  0.138 
  16:   H2O100               -0.630  4.015  1.790 -0.679 
  17:   H2O1_5               -0.046 -0.933 -0.400 -0.214 
  18:   Wells                 0.589  0.525 -1.812 -0.270 
  19:   Ort_NS               -1.860 -0.073  2.713  1.353 
  20:   Ort_EW                0.503  0.528 -0.904 -1.045 
  21:   AcsOrt               -0.268  1.650  0.553  1.033 
  22:   RdHhPk                0.907 -0.876  0.932 -0.830 
  23:   RdElvTFt              0.051 -1.163  0.249  0.003 
  24:   ScndFt               -0.521 -1.113  0.247 -0.018 
  25:   CliffSpr             -0.251  0.060 -0.928  0.785 
  26:   Slpl20                0.229 -0.557  0.318 -0.730 
  27:   Slpg20               -1.691  3.526 -0.358  1.047 
  28:   NatDemAr             -0.087 -0.973  0.037  0.102 
  29:   NatDemFt              0.119 -1.332  1.165  0.313 
  30:   SubMtAr              -0.977  0.836 -0.434 -1.015 
  31:   Shltr100              2.939  0.997  0.136  0.331 
  32:   Shltr1km             -1.329  0.459  0.574 -0.625 
  33:   RckShltr              4.142  0.918  1.558  0.101 
  34:   Qry1km                1.169  0.884  0.062  2.358 
  35:   LwHth                 0.975  1.980  0.784  0.155 
  36:   GrsHth                0.387 -0.359 -1.842  0.090 
  37:   Woodlds              -0.945 -0.033  1.676 -0.662 
  38:   O_RckFce             -0.890  0.216 -0.144 -0.509 
  39:   HwkStne              -0.365  0.250  0.180 -0.138 
  40:   NrrbStne              2.308 -0.800  0.503  0.602 
  41:   Vis1000               1.201 -0.405 -1.440 -0.309 
  42:   Vis6_1k               0.172 -0.836 -0.657  1.370 
  43:   Vis600                0.925 -0.675 -1.716  1.028 
  44:   180_Vis               0.107 -0.156 -1.092  0.345 
  45:   AccSub               -0.271  0.627  0.537 -0.342 
  46:   Cmplx_St             -0.376 -0.343 -0.089 -0.010 
  47:   Size100m             -1.168 -0.012 -0.959  2.935 
  48:   PxMulti               0.691  2.330  0.087  0.453 
  49:   PxTrTpUn             -0.131 -0.312 -0.230 -0.279 
  50:   PxEgv                -0.504 -0.415 -0.108 -0.191 
  51:   Px20AGG               0.358  1.196  1.010  0.811 
  52:   PxStnArg             -0.946 -3.280  3.512 -2.475 
 
CA object scores (plot: matrix #)(all categories of engraving) 
 
   1:   13                    1.593 -0.161 -0.387  0.847 
   2:   14                    1.973 -0.112  0.377  0.756 
   3:   19                    2.181  0.538  2.198  0.366 
   4:   23                    0.629 -0.416 -0.704 -0.650 
   5:   36                    0.002  0.328 -0.972 -0.370 
   6:   41                    0.149 -0.358 -0.962 -2.102 
   7:   47                   -0.135  1.283 -1.171  1.198 
   8:   62                   -1.252  3.578  2.084  0.571 
   9:   63                    0.100  0.410 -0.067  1.153 
  10:   114                   1.931  1.104 -0.039 -1.849 
  11:   118                   0.645 -1.133  0.492 -0.500 
  12:   206                  -0.902  0.766 -0.327 -0.017 
  13:   213                  -0.110 -0.771 -1.277 -0.084 
  14:   245                  -0.815 -1.217  2.016 -1.021 
  15:   248                  -1.130  1.686  0.017 -0.339 
  16:   249                  -0.868 -1.418  1.837 -1.182 
  17:   250                  -0.480  1.226 -0.236 -2.655 
  18:   251                  -0.219  0.241 -1.874  0.123 
  19:   286                  -0.715 -1.154  0.529 -0.677 
  20:   293                  -1.048 -0.787  0.311  1.278 
  21:   294                  -0.948 -0.636  0.375  1.241 
  22:   295                  -0.996 -0.537  0.401  0.978 
  23:   345                   0.020 -0.908 -0.897  0.473 
  24:   34                   -0.571  2.338  0.655 -0.724 
  25:   131                   0.138 -0.169 -0.369 -0.168 
  26:   246                  -0.577 -0.560 -0.936 -0.308 
  27:   288                  -1.073  0.386  0.507  0.591 
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Figure 36:  Engraving MCA, object and variable plots with no significant detrend. 
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4.5.7  Engraving Analysis Detrend (DMCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\EGV.DAT 
 
Actual sum of CA eigenvalues: 1.12420 
 
Eigenvalues times 100 
                             19.970 11.522 11.175 10.146 
% 
                             17.764 10.249  9.941  9.025 
 
CUM % 
                             17.764 28.013 37.954 46.979 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   MSC_Fks               3.559  2.558 -0.775 -2.481 
   2:   Q_Fks                 4.009  2.649 -0.916 -0.981 
   3:   AGGle5               -0.712 -0.747 -0.725 -0.089 
   4:   AGGl5g20              1.481 -4.581  5.144 -1.550 
   5:   AGGge20              -0.345  0.743 -2.279  1.861 
   6:   AGline               -0.530  1.101 -1.665  0.974 
   7:   AGclustr              0.762 -2.430 -0.207 -0.088 
   8:   AGdple15             -1.210  0.247 -0.992  0.275 
   9:   AGdpg15               0.383 -1.885 -0.646  0.092 
  10:   Egvm2m2m              0.835 -1.136  1.188 -1.998 
  11:   Elv_600              -1.796  0.329  0.484 -1.152 
  12:   Elv6_8               -0.122 -2.400  1.894  3.792 
  13:   Elv_800               2.607  0.759  0.052 -0.439 
  14:   HhReElv              -0.091  0.165 -0.062 -0.020 
  15:   H2O1_5               -0.087 -0.290 -0.382 -0.310 
  16:   Wells                 0.664 -1.608 -0.454  1.189 
  17:   Ort_NS               -2.025  3.157  1.147 -0.399 
  18:   Ort_EW                0.595 -1.399  0.394  0.132 
  19:   AcsOrt               -0.269  1.052  1.062  1.277 
  20:   RdHhPk                0.935  0.372  0.236 -1.472 
  21:   RdElvTFt             -0.049  0.185 -0.829 -0.957 
  22:   ScndFt               -0.562  0.123 -0.741 -0.817 
  23:   CliffSpr             -0.292 -0.194 -0.648  0.811 
  24:   Slpl20                0.181 -0.129  0.302 -0.746 
  25:   NatDemAr             -0.165  0.079 -0.793 -0.700 
  26:   NatDemFt              0.003  1.133 -0.576 -1.264 
  27:   SubMtAr              -0.894 -1.072  1.427  0.250 
  28:   Shltr100              3.103  0.739  0.788  0.726 
  29:   Shltr1km             -1.392 -0.046  1.122 -0.360 
  30:   RckShltr              4.230  1.597  1.154 -0.741 
  31:   Qry1km                1.309  1.845 -0.762  2.173 
  32:   LwHth                 1.265  1.337  2.155  1.565 
  33:   GrsHth                0.394 -1.478 -1.354  0.671 
  34:   Woodlds              -1.035  0.690  1.204 -1.417 
  35:   O_RckFce             -0.883 -0.458  0.485  0.137 
  36:   HwkStne              -0.376  0.009  0.358 -0.026 
  37:   NrrbStne              2.292  0.665 -1.525 -1.336 
  38:   Vis1000               1.269 -1.116 -0.793  0.703 
  39:   Vis6_1k               0.115  0.463 -1.482  0.880 
  40:   Vis600                0.787 -0.613 -1.941  0.913 
  41:   180_Vis               0.106 -0.457 -0.552  0.633 
  42:   AccSub               -0.248  0.212  1.043  0.048 
  43:   Cmplx_St             -0.428 -0.136 -0.163  0.211 
  44:   Size100m             -1.254  1.329 -1.292  2.924 
  45:   PxMulti               0.836  0.846  2.251  2.438 
  46:   PxTrTpUn             -0.172 -0.520 -0.436 -0.612 
  47:   PxEgv                -0.575 -0.324 -0.281 -0.479 
  48:   Px20AGG               0.388  1.506  1.137  0.921 
 
CA object scores (plot: matrix #)(all categories of engraving) 
 
   1:   13                    1.401  0.156 -0.860  0.423 
   2:   14                    1.799  0.683 -0.535 -0.109 
   3:   19                    2.175  1.856  0.476 -1.250 
   4:   23                    0.686 -0.750 -0.174 -0.276 
   5:   36                    0.017 -0.773  0.467  1.126 
   6:   41                    0.195 -1.940  0.709 -0.596 
   7:   47                    0.073  0.088  0.206  2.607 
   8:   62                   -1.006  2.339  3.363  1.397 
   9:   63                    0.131  0.864 -0.430  1.285 
  10:   114                   2.185 -0.534  2.462 -0.017 
  11:   118                   0.797  0.064 -0.715 -1.011 
  12:   206                  -0.814 -0.629 -0.386 -0.135 
  13:   213                  -0.171 -1.121 -1.333 -0.426 
  14:   245                  -0.868  0.843  0.769 -1.784 
  15:   248                  -1.008 -0.702  0.559 -0.215 
  16:   249                  -0.934  0.529  0.521 -2.038 
  17:   250                  -0.393 -2.198  1.999 -0.889 
  18:   251                  -0.070 -1.432 -0.766  1.349 
  19:   286                  -0.758 -0.230 -0.191 -0.919 
  20:   293                  -1.232  1.102 -0.689  0.181 
  21:   294                  -1.118  1.130 -0.556  0.204 
  22:   295                  -1.150  0.961 -0.377 -0.031 
  23:   345                  -0.039 -0.302 -1.283  0.127 
  24:   34                   -0.490 -0.020  2.538  1.542 
  25:   131                   0.146 -0.284 -0.085 -0.169 
  26:   246                  -0.676 -0.960 -0.572 -0.373 
  27:   288                  -1.064  0.805  0.459 -0.239 
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Figure 37:  Engraving DMCA, object and variable plots with detrend. 
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4.6  Special Features Experimental (D)MCA 
4.6.1  Special Topographic Feature Analysis No Detrend (MCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\SPECFT.DAT 
 
Actual sum of CA eigenvalues: 1.79904 
 
Eigenvalues times 100 
                             32.769 24.455 16.023 13.698 
% 
                             18.215 13.593  8.907  7.614 
 
CUM % 
                             18.215 31.808 40.715 48.329 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   LgFkle5               1.908 -0.135  4.150  3.290 
   2:   SmFkle5               2.373  0.218  2.994  2.508 
   3:   SmFkg5                0.755 -2.188  0.729 -3.359 
   4:   SmMdFks               1.417  0.385  0.798  0.920 
   5:   WsteFkg2              1.492 -1.601  1.763 -0.734 
   6:   GeoMic                0.401 -3.954  0.858 -3.692 
   7:   MSC_Fks               1.967  0.316  2.484  0.665 
   8:   Q_Fks                 1.552 -1.468  1.578 -0.901 
   9:   B_FksCob              0.185  0.767  3.172  1.991 
  10:   SctterFk              1.226 -1.942  1.984 -1.413 
  11:   StnArg               -0.470 -0.624 -1.975  1.675 
  12:   AGGle5               -0.989  0.864  1.236  0.143 
  13:   AGGl5g20             -1.259  0.246 -1.515  0.408 
  14:   AGGge20              -1.727  0.387  0.312  2.783 
  15:   AGline               -1.138  0.197 -0.473  1.143 
  16:   AGclustr             -1.502  2.108  1.389 -0.659 
  17:   AGdple15             -1.209 -0.320 -0.504  2.136 
  18:   AGdpg15              -1.150  2.239  0.506 -2.778 
  19:   Egvg2                -1.031  0.135  0.273  0.755 
  20:   Egvm2m2m             -0.767  0.434  1.066 -0.159 
  21:   Stencils              3.047  0.145 -0.348 -1.360 
  22:   Ptgg2                 3.352  2.083 -3.756  0.597 
  23:   Ptgm2m2m              3.352  2.083 -3.756  0.597 
  24:   Elv_600              -0.061 -0.981 -0.496  0.846 
  25:   Elv_800               0.590  1.952  0.416 -1.949 
  26:   HhReElv              -0.281 -0.150 -0.220 -0.383 
  27:   H2O100                2.158  0.895  0.028  1.692 
  28:   H2O1_5               -0.381 -0.250 -0.242 -0.341 
  29:   Wells                -0.863  1.123  1.841  1.236 
  30:   Ort_NS               -0.476  0.548 -1.363  0.200 
  31:   Ort_EW                0.566 -0.710  1.031 -0.235 
  32:   AcsOrt               -0.064  0.542 -0.634  0.849 
  33:   RdHhPk               -0.280 -0.365 -0.181 -0.474 
  34:   RdElvTFt             -0.325 -0.126 -0.200 -0.377 
  35:   CliffSpr             -0.239 -0.246  0.117 -0.387 
  36:   Slpl20               -0.263 -0.591 -0.096  0.655 
  37:   Slpg20                1.096  1.845 -0.570 -2.427 
  38:   SubMtAr               0.672 -1.616 -0.631  0.500 
  39:   Shltr100              2.683  0.941 -0.433  0.349 
  40:   Shltr1km             -0.710 -0.791 -0.549 -0.202 
  41:   RckShltr              2.910  1.546 -1.968 -0.117 
  42:   Qry1km                0.635  0.667  4.151  2.192 
  43:   RavRivAr              3.601  0.475 -0.247  2.417 
  44:   LwHth                -0.664  2.264  1.585 -2.076 
  45:   GrsHth               -1.012 -0.009 -0.268  1.231 
  46:   Woodlds               0.383 -0.598 -0.776  0.260 
  47:   O_RckFce             -1.380  0.934  0.396  0.037 
  48:   HwkStne              -0.866  0.829  0.479 -0.024 
  49:   NrrbStne              0.753  1.854  0.146 -1.752 
  50:   Vis1000              -0.781  2.363  0.325 -2.115 
  51:   Vis6_1k              -0.725 -0.348 -0.174 -0.204 
  52:   Vis600               -1.396  2.267  1.774 -0.761 
  53:   180_Vis              -0.537  1.296 -0.374 -0.421 
  54:   AccSub                0.195 -0.210 -0.482 -0.182 
  55:   NoAccSub             -1.829  1.590  3.019  1.921 
  56:   Cmplx_St             -0.169 -0.311  0.004 -0.019 
  57:   Size100m             -0.405  0.704  1.620  1.886 
  58:   PxMulti               1.551  1.244  0.025  1.064 
  59:   PxTrTpUn             -0.053 -0.234 -0.210 -0.234 
  60:   PxEgv                -0.735 -1.052  0.001 -0.010 
  61:   PxPtg                 2.545  1.003 -0.621  0.619 
  62:   Px20AGG               0.161  1.240 -0.096 -0.143 
  63:   PxStnArg             -0.114 -1.547 -0.752 -0.242 
 
CA object scores (plot: matrix #) 
 
   1:   19                    1.052  0.473  1.467 -0.134 
   2:   41                   -1.017  0.339  0.178 -0.069 
   3:   81                    1.421  1.512 -1.916 -0.934 
   4:   82                    1.221  1.599 -1.610 -0.933 
   5:   86                    1.267 -0.008 -0.180 -1.013 
   6:   107                  -0.275  0.684 -0.695 -0.432 
   7:   117                   1.502 -0.046  0.222 -1.617 
   8:   118                  -0.413  0.597  0.746 -1.303 
   9:   151                  -1.013  1.276  1.097  0.394 
  10:   162                  -0.485  1.653  0.013 -1.219 
  11:   164                  -0.586  1.748  0.298 -1.646 
  12:   165                  -0.841  0.970  0.180 -0.707 
  13:   227                   0.949  0.152  2.038  0.613 
  14:   243                  -0.970  0.569 -0.227 -0.268 
  15:   245                  -0.418 -0.197 -0.508  0.115 
  16:   249                  -0.709 -0.486 -0.467  0.015 
  17:   279                  -0.673 -0.789 -1.333  0.889 
  18:   280                  -0.645 -0.727 -1.397  0.932 
  19:   281                   0.231 -1.955  0.347 -1.367 
  20:   282                   0.208 -1.669  0.261 -0.957 
  21:   283                  -0.512 -0.949 -0.449  0.323 
  22:   284                   0.231 -1.955  0.347 -1.367 
  23:   285                  -0.667 -0.768 -1.162  0.715 
  24:   286                  -0.606 -0.723 -0.415  0.401 
  25:   287                  -0.471 -0.268 -1.107  0.942 
  26:   293                  -0.964 -0.036 -0.384  1.105 
  27:   294                  -0.876  0.051 -0.384  0.971 
  28:   295                  -0.822  0.091 -0.288  0.674 
  29:   308                  -0.135 -0.416 -1.198  0.517 
  30:   319                   2.463  0.263 -0.459  1.120 
  31:   324                   2.569  0.743 -2.032  1.633 
  32:   331                   1.946 -0.066  2.273  1.835 
  33:   334                   0.382 -0.292  0.670  1.204 
  34:   337                   0.231 -1.955  0.347 -1.367 
  35:   343                   0.208 -1.669  0.261 -0.957 
  36:   345                  -1.126  0.563  1.139  1.010 
  37:   346                  -1.002  0.521  1.385  0.721 
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Figure 38:  Special topographic feature MCA, object and variable plots with no significant detrend. 
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4.6.2  Engraving and Transit (EgvTT) Site Class Analysis (MCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\EGVTT.DAT 
 
Actual sum of CA eigenvalues: 1.81505 
 
Eigenvalues times 100 
                             30.152 18.901 16.519 11.554 
% 
                             16.612 10.413  9.101  6.366 
 
CUM % 
                             16.612 27.026 36.126 42.492 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   PtBdle5               3.730 -1.436  2.879 -2.296 
   2:   Cortex                2.822 -0.544  2.766  0.068 
   3:   LgFkle5               3.081 -1.047  2.414 -0.403 
   4:   LgMdFks               2.034  0.849  2.306 -2.237 
   5:   SmFkle5               3.354 -1.788  1.620 -0.648 
   6:   SmFkg5                1.257  0.024 -3.650  1.856 
   7:   SmMdFks               3.042 -0.492  2.214 -1.135 
   8:   WsteFkg2              2.014 -0.352 -1.267  1.112 
   9:   GeoMic                2.093 -0.850 -2.765  1.653 
  10:   MSC_Fks               2.721 -0.798  1.039  0.809 
  11:   Q_Fks                 2.046 -0.147 -1.198  0.846 
  12:   B_FksCob              0.634  1.186 -0.256  0.288 
  13:   ComplxFk              2.038 -0.663 -0.633  0.805 
  14:   ClsterFk              1.594  2.215 -0.996  3.460 
  15:   SctterFk              1.951 -0.524 -1.261  0.657 
  16:   StnArg                0.051 -0.405 -0.975 -3.280 
  17:   AGGle5               -1.072 -0.285  0.166 -1.680 
  18:   AGGl5g20             -1.390 -1.084  0.707  0.460 
  19:   AGGge20              -0.921  2.591  1.854  0.995 
  20:   AGline               -0.470  1.335  0.408 -2.258 
  21:   AGclustr             -1.341  0.036  1.082  0.234 
  22:   AGdple15             -1.010  0.458  0.041 -2.656 
  23:   AGdpg15              -1.340 -1.068  1.363  2.087 
  24:   Egvle2               -1.067  0.960 -0.149 -4.224 
  25:   Egvg2                -0.740  1.367  1.336  1.626 
  26:   Egvm2m2m             -1.124  1.842  0.988  3.076 
  27:   Elv_600              -0.352 -1.179 -0.699 -0.708 
  28:   Elv6_8                0.581  1.166  2.372  4.311 
  29:   Elv_800               0.339  1.509  0.209  0.546 
  30:   HhReElv              -0.101 -0.094 -0.256 -0.051 
  31:   H2O100                0.043 -2.289  0.490  1.427 
  32:   H2O1_5               -0.047  1.161 -0.727 -0.745 
  33:   Wells                -0.995 -0.302  1.701  1.271 
  34:   Ort_NS               -1.181 -1.310 -0.017 -0.773 
  35:   Ort_EW                0.538  0.512 -0.236  0.551 
  36:   AcsOrt               -0.242 -0.730  0.761 -0.510 
  37:   RdHhPk                0.227  1.217 -0.727 -0.239 
  38:   RdElvTFt             -0.325  0.086 -0.548 -0.043 
  39:   ScndFt               -0.885 -0.474 -0.811 -0.345 
  40:   CliffSpr             -0.361 -0.356 -0.241 -0.193 
  41:   Slpl20                0.473  0.747 -0.489 -0.277 
  42:   Slpg20               -1.056 -1.757  0.464  0.808 
  43:   NatDemAr             -0.384  0.136 -0.186  0.035 
  44:   NatDemFt             -0.107  1.087 -0.394 -1.363 
  45:   SubMtAr               1.113 -0.569 -1.128 -1.772 
  46:   Shltr100              2.453 -0.723  2.468 -1.497 
  47:   Shltr1km             -0.553 -0.602 -0.772  0.106 
  48:   RckShltr              2.711 -0.725  3.104 -0.850 
  49:   Qry1km               -0.676  2.606  1.623 -0.473 
  50:   LwHth                 0.155  2.822 -0.930  2.671 
  51:   GrsHth               -1.162 -0.695  0.756  0.196 
  52:   Woodlds               0.630 -0.187 -0.759 -1.010 
  53:   O_RckFce             -1.023  0.280  0.380  0.837 
  54:   HwkStne              -0.916 -0.022  0.919  0.007 
  55:   NrrbStne              1.144  0.285  0.571  0.236 
  56:   Vis1000              -0.038  2.651  0.731  1.767 
  57:   Vis6_1k               0.056  1.563 -0.584 -0.549 
  58:   Vis600               -0.214  2.121  1.995 -0.616 
  59:   180_Vis              -0.182  1.632  0.488  0.211 
  60:   AccSub               -0.005 -0.199 -0.212  0.147 
  61:   Cmplx_St             -0.017 -0.340 -0.348  0.091 
  62:   Size100m             -0.285  0.336 -0.470  1.757 
  63:   PxMulti               1.798 -0.165  2.316 -0.511 
  64:   PxPtg                -1.485 -3.228  0.042  0.889 
  65:   Px20AGG              -0.562 -0.600  1.168 -0.024 
  66:   PxStnArg             -0.230 -0.690 -1.869  0.436 
 
CA object scores (plot: matrix #) 
 
   1:   13                    0.292  0.906  1.085  0.259 
   2:   14                    1.530  0.300  1.758 -0.315 
   3:   15                    0.001  0.229  1.278 -0.434 
   4:   16                    0.141  0.441  1.047 -1.256 
   5:   17                    0.922 -0.581  0.205  0.041 
   6:   36                   -0.130  1.561  0.724  1.537 
   7:   37                    2.657 -1.309  1.299 -0.480 
   8:   38                    2.118 -0.895  0.979  0.058 
   9:   41                   -0.733  1.208  0.648  1.705 
  10:   48                    2.357 -0.903  1.408  0.350 
  11:   51                    1.011 -0.224  0.890  1.577 
  12:   56                    2.811 -1.306  1.232 -0.498 
  13:   57                   -0.422  0.441 -0.434 -1.345 
  14:   63                   -0.519  1.227  0.948  0.756 
  15:   99                   -0.146  0.780  0.616 -0.337 
  16:   105                  -0.356  1.699  0.583 -0.326 
  17:   107                  -0.566 -0.181  0.034 -0.625 
  18:   118                   0.159  1.428 -0.183  1.194 
  19:   119                   0.367 -0.434 -0.449 -0.947 
  20:   120                   0.763  1.353 -0.966  1.274 
  21:   121                   0.568  1.724 -1.009  1.624 
  22:   122                   0.654  1.593 -1.419  1.832 
  23:   123                  -0.598  0.801  0.235 -0.539 
  24:   126                  -0.710  0.793  0.003 -0.626 
  25:   127                   0.895 -0.741 -1.432  1.640 
  26:   129                   0.860 -0.525 -1.749  1.594 
  27:   131                  -0.429  0.924 -0.131 -0.712 
  28:   185                  -0.544  1.039  0.645 -0.073 
  29:   186                   0.626  0.993  0.660 -0.143 
  30:   196                  -0.385  0.004 -1.007 -0.236 
  31:   197                  -1.255 -1.649  0.414  0.817 
  32:   198                  -1.225 -1.547  0.349  0.998 
  33:   199                  -1.094 -1.387  0.333  0.713 
  34:   200                  -1.230 -1.569  0.356  0.544 
  35:   201                  -1.230 -1.569  0.356  0.544 
  36:   202                  -1.202 -1.727  0.312  0.823 
  37:   203                  -1.174 -1.776  0.127  0.683 
  38:   204                  -1.180 -1.611  0.201 -0.045 
  39:   205                  -1.117 -1.521 -0.092 -0.281 
  40:   206                  -0.996 -0.731  0.382  0.206 
  41:   208                  -1.151 -1.519  0.134 -0.359 
  42:   214                   1.126 -0.586 -1.061  0.899 
  43:   215                   0.352 -0.810 -1.337  0.565 
  44:   246                  -0.762  0.611  0.027 -1.388 
  45:   248                  -0.766 -0.716  0.491  0.672 
  46:   249                  -0.638  0.341 -0.672  0.126 
  47:   250                  -0.733 -0.485  0.695  1.249 
  48:   251                  -0.910  0.886  1.141  2.160 
  49:   279                  -0.467 -0.077 -0.944 -1.931 
  50:   281                   0.715 -0.004 -2.260  0.025 
  51:   282                   0.575  0.086 -2.054 -0.195 
  52:   283                  -0.251  0.364 -1.215 -1.753 
  53:   284                   0.715 -0.004 -2.260  0.025 
  54:   285                  -0.493 -0.038 -0.879 -1.582 
  55:   288                  -0.564 -0.282 -0.074 -2.206 
  56:   291                   0.942 -1.343 -0.741  0.053 
  57:   294                  -0.693  0.615 -0.016 -0.670 
  58:   295                  -0.704  0.351 -0.182 -0.985 
  59:   334                   1.195 -0.192  0.391 -1.829 
  60:   337                   0.715 -0.004 -2.260  0.025 
  61:   340                  -0.427  0.091 -0.457 -1.147 
  62:   343                   0.575  0.086 -2.054 -0.195 
  63:   345                  -0.851  1.424  0.774 -0.154 
  64:   346                  -0.811  0.766  0.384 -0.861 
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Figure 39:  Engraving and Transit (EgvTT) site class MCA, object and variable plots with no significant detrend. 
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4.6.3  Stone Arrangement Analysis No Detrend (MCA) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\SAG.DAT 
 
Actual sum of CA eigenvalues: 1.71128 
 
Eigenvalues times 100 
                             39.016 32.201 20.075 17.000 
% 
                             22.799 18.817 11.731  9.934 
 
CUM % 
                             22.799 41.617 53.348 63.282 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   PtBdle5               2.320 -1.334  1.848 -0.868 
   2:   Axes                  2.320 -1.334  1.848 -0.868 
   3:   LgFkle5               3.088 -0.070 -0.678 -0.036 
   4:   LgMdFks               3.088 -0.070 -0.678 -0.036 
   5:   SmFkle5               3.088 -0.070 -0.678 -0.036 
   6:   SmMdFks               3.088 -0.070 -0.678 -0.036 
   7:   WsteFkg2              3.088 -0.070 -0.678 -0.036 
   8:   Ret_Use               3.088 -0.070 -0.678 -0.036 
   9:   MSC_Fks               3.088 -0.070 -0.678 -0.036 
  10:   Q_Fks                 3.088 -0.070 -0.678 -0.036 
  11:   B_FksCob              2.320 -1.334  1.848 -0.868 
  12:   ComplxFk              2.320 -1.334  1.848 -0.868 
  13:   SctterFk              3.856  1.193 -3.204  0.797 
  14:   AGGle5                2.320 -1.334  1.848 -0.868 
  15:   AGGl5g20             -0.550 -1.413  2.079 -1.496 
  16:   AGline                0.407 -1.386  2.002 -1.287 
  17:   AGdple15              0.407 -1.386  2.002 -1.287 
  18:   Elv_600              -0.227 -0.157 -0.631 -0.964 
  19:   Elv6_8               -0.037  5.684  0.514  0.199 
  20:   Elv_800              -0.671 -0.020  1.364  5.170 
  21:   HhReElv              -0.210  0.251 -0.179 -0.008 
  22:   H2O100               -1.029 -0.909 -2.209  0.918 
  23:   H2O1_5                0.141  0.940  0.816 -0.518 
  24:   Wells                -0.708  1.141  3.804  5.642 
  25:   Ort_NS               -0.408 -0.459  0.961 -0.460 
  26:   Ort_EW               -0.145  1.018 -1.489  0.450 
  27:   AcsOrt               -0.215  0.171 -0.367  0.356 
  28:   RdHhPk               -0.396 -1.127 -0.367  0.129 
  29:   RdElvTFt             -0.578 -0.691 -0.260  0.641 
  30:   ScndFt               -0.294 -0.573  1.126  0.282 
  31:   CliffSpr             -0.654 -0.142 -0.996 -0.413 
  32:   Slpl20               -0.121 -0.686 -0.961  0.156 
  33:   Slpg20               -0.525  3.028  1.614  1.023 
  34:   NatDemAr             -0.591 -0.243  0.144 -0.580 
  35:   NatDemFt             -0.491 -0.484  0.423 -0.356 
  36:   SubMtAr               0.147 -1.335  1.232  0.209 
  37:   Shltr100              0.843 -1.258  0.386  1.915 
  38:   Shltr1km             -0.871  0.410 -0.507 -1.034 
  39:   LwHth                -1.145  0.652 -1.368  0.035 
  40:   GrsHth                0.097  0.098  0.701  0.896 
  41:   Woodlds              -0.158  0.084 -0.238  0.222 
  42:   O_RckFce             -0.987  1.455 -0.422 -1.368 
  43:   HwkStne               0.806 -0.096  2.826  2.387 
  44:   NrrbStne              0.570  2.570  0.410  0.967 
  45:   Vis6_1k               0.098 -0.475  1.632 -1.658 
  46:   180_Vis              -0.533 -0.185 -0.542  0.270 
  47:   Cmplx_St             -0.121 -0.686 -0.961  0.156 
  48:   Size100m              1.909  3.439 -1.345  0.498 
  49:   PxMulti               0.093  2.076  0.990 -2.035 
  50:   PxTrTpUn             -0.601 -0.423 -0.189  0.330 
  51:   PxEgv                -0.142 -0.427  1.073  1.654 
  52:   PxPtg                -0.957  1.976  0.799 -3.735 
  53:   Px20AGG              -0.743  2.293  1.006  0.294 
 
CA object scores (plot: matrix #) 
 
   1:   52                   -0.025  3.226  0.228  0.084 
   2:   64                   -0.520  1.282  0.234 -1.144 
   3:   107                  -0.443  0.647  1.703  2.325 
   4:   119                  -0.396 -0.670 -0.483  1.938 
   5:   196                  -0.716  0.371 -0.614  0.009 
   6:   279                  -0.340 -0.800  0.967 -0.509 
   7:   280                  -0.345 -0.803  0.898 -0.724 
   8:   302                  -0.694 -0.418 -1.302  0.042 
   9:   303                  -0.694 -0.418 -1.302  0.042 
  10:   308                  -0.706 -0.607 -0.756 -0.051 
  11:   309                  -0.721 -0.461 -1.106 -0.070 
  12:   318                  -0.677  0.961  0.481 -1.937 
  13:   330                   2.408  0.676 -1.436  0.330 
  14:   334                   1.450 -0.759  0.829 -0.359 
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Figure 40:  Stone arrangement MCA, object and variable plots with no significant detrend. 
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4.6.4  Sites Oriented Towards Access @ 180° Visibility 1st Analysis Detrend (DMCA) (65 variables) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\ORIENT.DAT 
 
Actual sum of CA eigenvalues: 1.91154 
 
Eigenvalues times 100 
                             35.386 17.423 12.882 10.989 
% 
                             18.512  9.115  6.739  5.749 
 
CUM % 
                             18.512 27.626 34.365 40.114 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   PtBdle5               2.372  1.598 -1.940 -2.219 
   2:   Axes                  2.347  0.318 -1.029  1.201 
   3:   Toolle5               2.605  1.908 -1.656 -1.398 
   4:   Cores                 2.995  1.545  0.974  3.538 
   5:   Cortex                2.027  1.520  2.002  2.339 
   6:   LgFkle5               2.701  0.779 -1.294 -1.854 
   7:   LgMdFks               2.637  1.692 -0.622  0.241 
   8:   SmFkle5               2.403  0.640 -2.234 -3.001 
   9:   SmFkg5                2.335  0.960  3.550  4.859 
  10:   SmMdFks               2.761  1.458 -0.155  0.991 
  11:   WsteFkg2              2.613  0.797  0.170 -0.390 
  12:   Ret_Use               2.878  0.234 -2.165 -2.261 
  13:   MSC_Fks               2.494  0.884 -0.969 -0.633 
  14:   Q_Fks                 2.302  0.804  0.133 -0.705 
  15:   B_FksCob             -0.107  1.231 -1.742  1.721 
  16:   SctterFk              2.104  0.949 -0.642 -0.450 
  17:   StnArg                0.821 -6.778 -2.785  4.033 
  18:   AGGle5               -0.688 -1.475  1.295 -2.111 
  19:   AGGl5g20             -1.163  0.801 -1.115  0.658 
  20:   AGGge20              -1.026  0.536  1.128 -0.385 
  21:   AGline               -1.011  0.386 -0.120  0.020 
  22:   AGclustr             -1.165 -0.074  0.388 -1.093 
  23:   AGdple15             -0.813 -0.634  0.450 -1.709 
  24:   AGdpg15              -1.173  0.779 -0.316  1.156 
  25:   Egvg2                -0.457 -0.712  2.806 -1.858 
  26:   Elv_600               1.263 -2.041 -0.014  0.165 
  27:   Elv6_8               -0.620  0.641  2.972  0.059 
  28:   Elv_800              -0.783  0.952 -0.695 -0.020 
  29:   HhReElv              -0.055 -0.332 -0.025  0.201 
  30:   H2O100                0.438 -2.902 -1.261  3.400 
  31:   H2O1_5               -0.036  0.214  0.452 -0.537 
  32:   Wells                -0.829  0.898  0.844 -0.525 
  33:   Ort_NS               -0.229 -0.971  0.365 -0.074 
  34:   Ort_EW                0.178  0.132 -0.125  0.135 
  35:   RdHhPk               -0.379  0.101 -1.009 -0.303 
  36:   RdElvTFt             -0.314 -0.208 -0.438  0.284 
  37:   ScndFt               -0.301 -1.150  1.045 -0.182 
  38:   Slpl20               -0.214 -0.174 -0.781  0.369 
  39:   Slpg20                0.613 -0.672  2.503 -1.193 
  40:   NatDemAr              0.009 -0.639 -0.087 -0.156 
  41:   NatDemFt             -0.522 -0.658  0.071 -0.679 
  42:   SubMtAr               0.247 -0.191  2.140  0.762 
  43:   Shltr100              0.860  0.708  3.659  1.546 
  44:   Shltr1km             -0.032 -1.200 -0.590 -0.124 
  45:   RckShltr              1.651  0.822  6.628  1.933 
  46:   Qry1km               -0.624  1.633 -0.633  2.374 
  47:   LwHth                -1.035  1.146 -0.965  0.994 
  48:   GrsHth               -0.380  0.418  0.605 -0.540 
  49:   Woodlds               0.531 -1.156  0.237 -0.310 
  50:   O_RckFce             -0.968  0.103 -0.007 -0.221 
  51:   HwkStne              -0.809  0.156  0.366 -0.254 
  52:   NrrbStne             -0.551  0.769 -0.065  0.047 
  53:   Vis1000              -0.998  0.946 -0.399 -0.401 
  54:   Vis6_1k              -0.843  0.540 -0.259 -0.062 
  55:   Vis600               -0.636  1.147 -0.669 -0.145 
  56:   AccSub                0.102 -0.742  0.313 -0.359 
  57:   NoAccSub             -0.326  2.389 -1.397  2.346 
  58:   Cmplx_St              0.007 -0.276 -0.325  0.183 
  59:   Size100m              0.266  0.071  0.588 -0.927 
  60:   PxMulti               1.138  0.454  1.633  0.358 
  61:   PxTrTpUn             -0.123 -0.528 -0.249  0.378 
  62:   PxEgv                -0.367 -0.374  1.206 -1.058 
  63:   PxPtg                 2.365 -1.130  0.127 -0.832 
  64:   Px20AGG              -0.677  0.872  0.165  0.628 
  65:   PxStnArg              1.323 -4.830 -1.434  2.606 
 
CA object scores (plot: matrix #) 
 
   1:   2                    -0.226 -1.253  0.401 -0.654 
   2:   10                   -0.650  0.342 -0.473  1.819 
   3:   12                    0.181  0.813 -1.256 -1.160 
   4:   13                   -0.125  0.648  1.250 -0.253 
   5:   14                    1.063  1.117  0.378 -0.815 
   6:   24                   -0.794  0.103 -0.644 -0.173 
   7:   45                    0.945  1.452  0.280  0.918 
   8:   46                   -0.720  0.789  0.489  0.246 
   9:   47                   -0.471  0.220  2.249 -0.404 
  10:   63                   -0.704  0.084  0.063  0.291 
  11:   64                    0.476 -2.292 -0.002  0.692 
  12:   65                   -0.372  0.662 -1.254 -0.823 
  13:   75                    1.094  0.198 -0.531 -1.239 
  14:   78                    2.205  1.157 -1.120 -0.299 
  15:   86                    0.716 -0.191  2.592  0.852 
  16:   88                   -0.797  0.034 -0.477 -0.102 
  17:   90                   -0.776 -0.311 -0.119 -0.534 
  18:   91                   -0.856 -0.087 -0.339 -0.310 
  19:   93                    0.881  0.294  2.213  1.477 
  20:   97                   -0.708 -0.097 -0.189 -0.276 
  21:   98                   -0.759  0.453 -0.491  0.467 
  22:   99                   -0.446  0.448 -0.200  0.947 
  23:   100                  -0.546  0.731 -0.082  1.074 
  24:   111                  -0.647  0.599 -0.071  1.801 
  25:   123                  -0.807 -0.353  0.095 -1.087 
  26:   126                  -0.734 -0.528  0.082 -1.137 
  27:   131                  -0.676 -0.233  0.318 -0.654 
  28:   133                  -0.901  0.846 -0.823  0.560 
  29:   141                  -0.968  0.923 -0.562 -0.028 
  30:   142                  -0.897  0.951 -0.592  0.712 
  31:   143                  -0.918  1.267 -1.226  1.329 
  32:   144                  -0.918  1.267 -1.226  1.329 
  33:   145                  -0.918  1.267 -1.226  1.329 
  34:   146                  -0.907  1.238 -0.942  1.185 
  35:   151                  -0.787  0.129 -0.132 -0.396 
  36:   152                  -0.756  0.159  0.061 -0.096 
  37:   153                  -0.766  0.190  0.119 -0.140 
  38:   154                  -0.808  0.299 -0.103 -0.062 
  39:   155                  -0.807  0.332  0.015 -0.116 
  40:   156                  -0.808  0.299 -0.103 -0.062 
  41:   162                  -0.713 -0.106 -0.180  0.340 
  42:   165                  -0.797  0.187  0.010 -0.081 
  43:   167                  -0.661 -0.129  0.362 -0.649 
  44:   170                   1.328  0.702  4.508  0.795 
  45:   173                  -0.591 -0.173 -0.091  0.059 
  46:   181                   1.959  1.302  0.205  2.126 
  47:   184                   1.929 -0.573  3.163  2.653 
  48:   185                  -0.724  0.300 -0.109 -0.333 
  49:   186                   0.323  0.700 -0.255 -0.025 
  50:   187                  -0.629 -0.521  0.669 -1.678 
  51:   189                   1.440 -0.202 -0.851 -1.173 
  52:   190                  -0.586 -0.030  0.540 -0.922 
  53:   191                  -0.638 -0.041  0.485 -0.831 
  54:   222                  -0.061 -0.974  1.225 -0.782 
  55:   243                  -0.621 -0.659 -0.051 -0.132 
  56:   248                  -0.173 -1.750  1.141 -0.414 
  57:   251                  -0.686 -0.007  1.700 -1.048 
  58:   288                   0.101 -1.370  1.262 -1.179 
  59:   292                  -0.522 -0.805  0.060 -0.490 
  60:   293                  -0.445 -1.008  0.808 -1.053 
  61:   294                  -0.463 -0.890  0.731 -0.839 
  62:   295                  -0.440 -1.091  0.750 -1.055 
  63:   302                   0.318 -3.329 -1.482  1.852 
  64:   303                   0.318 -3.329 -1.482  1.852 
  65:   304                   1.745  0.301 -1.936 -1.394 
  66:   308                   0.229 -3.450 -1.143  1.674 
  67:   309                   0.424 -3.897 -1.408  2.284 
  68:   323                   2.570  0.501 -0.748 -2.103 
  69:   329                   1.546  0.369  0.189  1.581 
  70:   332                   1.744  0.140  0.264  1.643 
  71:   334                   1.168 -0.677 -0.476 -0.318 
  72:   340                  -0.278 -1.486  0.440 -0.389 
  73:   366                   2.143  0.657 -0.547 -0.460 
  74:   368                   1.727 -0.388 -1.549 -0.677 
  75:   369                   1.564 -0.743 -1.197 -0.953 
  76:   370                   1.686 -0.036 -1.177 -1.661 
  77:   402                   1.803  0.374  1.048 -0.787 
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Figure 41:  Sites oriented towards access @ 180° visibility (DMCA), object and variable plots with (1st 65n) detrend 
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4.6.5  Sites Oriented Towards Access @ 180° Visibility 2nd Analysis Detrend (DMCA) (60 variables) 
 
C:\DATA\OUT001.DOC   Analysis by MV-NUTSHELL program COR 
Data file name C:\DATA\ORIENT2.DAT 
 
Actual sum of CA eigenvalues: 1.77942 
 
Eigenvalues times 100 
                             36.061 13.580 12.756 10.549 
% 
                             20.266  7.632  7.169  5.928 
 
CUM % 
                             20.266 27.898 35.066 40.995 
 
CA variable scores 
                              CAx 1  CAx 2  CAx 3  CAx 4   
   1:   PtBdle5               2.487 -2.010 -1.417  1.688 
   2:   Axes                  2.400 -0.714 -0.241  3.736 
   3:   Toolle5               2.731 -1.965 -0.727  1.884 
   4:   Cores                 3.155  0.658  2.636  3.769 
   5:   Cortex                2.153  1.093  2.795  0.970 
   6:   LgFkle5               2.772 -1.353 -1.286 -0.966 
   7:   LgMdFks               2.779 -0.870  0.300  3.327 
   8:   SmFkle5               2.461 -2.130 -2.197 -2.346 
   9:   SmFkg5                2.439  2.806  4.330  1.955 
  10:   SmMdFks               2.875 -0.424  0.769  4.051 
  11:   WsteFkg2              2.689 -0.192  0.270 -1.075 
  12:   Ret_Use               2.886 -1.865 -2.257 -0.114 
  13:   MSC_Fks               2.572 -1.053 -0.351 -0.069 
  14:   Q_Fks                 2.373 -0.299  0.062 -1.608 
  15:   B_FksCob             -0.003 -2.149  0.928  1.144 
  16:   SctterFk              2.194 -0.933 -0.177 -1.590 
  17:   AGGle5               -0.736  2.309 -2.136  0.688 
  18:   AGGl5g20             -1.075 -1.638  0.792 -0.591 
  19:   AGGge20              -0.950  0.601  0.634  0.887 
  20:   AGline               -0.947 -0.367  0.274  0.341 
  21:   AGclustr             -1.104  0.241 -0.317 -0.627 
  22:   AGdple15             -0.797  1.041 -1.525  0.603 
  23:   AGdpg15              -1.102 -1.078  1.446 -0.403 
  24:   Egvg2                -0.497  2.786 -0.500  1.006 
  25:   Elv6_8               -0.499  1.412  2.402 -2.877 
  26:   Elv_800              -0.663 -1.036  0.331  0.142 
  27:   HhReElv              -0.064  0.169 -0.152 -0.111 
  28:   H2O1_5                0.003  0.253  0.089 -0.628 
  29:   Wells                -0.728  0.005  0.954  0.207 
  30:   Ort_NS               -0.257  1.349 -1.160  1.493 
  31:   Ort_EW                0.196 -0.435  0.402 -1.386 
  32:   RdHhPk               -0.330 -0.919 -0.491 -0.579 
  33:   RdElvTFt             -0.308 -0.169 -0.325  0.096 
  34:   ScndFt               -0.342  1.709 -0.868  1.461 
  35:   Slpl20               -0.213 -0.553 -0.346  0.212 
  36:   Slpg20                0.596  2.442  0.200 -2.421 
  37:   NatDemAr             -0.016  0.331 -0.667  0.042 
  38:   NatDemFt             -0.527  0.477 -0.866 -0.181 
  39:   SubMtAr               0.273  2.115  0.722  1.061 
  40:   Shltr100              0.900  2.363  3.301 -1.206 
  41:   Shltr1km             -0.106  0.380 -1.448  0.513 
  42:   RckShltr              1.698  4.656  5.305 -3.476 
  43:   Qry1km               -0.495 -1.445  2.083  1.684 
  44:   LwHth                -0.901 -1.633  1.182  0.249 
  45:   GrsHth               -0.285  0.247  0.353  0.328 
  46:   Woodlds               0.460  0.969 -1.119 -0.790 
  47:   O_RckFce             -0.925 -0.075 -0.011  0.156 
  48:   HwkStne              -0.762  0.214  0.115  0.096 
  49:   NrrbStne             -0.461 -0.623  0.802 -0.740 
  50:   Vis1000              -0.867 -0.939  0.449 -0.072 
  51:   Vis6_1k              -0.763 -0.470  0.232  0.873 
  52:   Vis600               -0.518 -1.027  0.317  0.898 
  53:   AccSub                0.069  0.592 -0.500 -0.854 
  54:   Cmplx_St              0.008 -0.166 -0.262  0.023 
  55:   Size100m              0.323  0.507 -0.409  0.527 
  56:   PxMulti               1.167  1.067  1.278  1.000 
  57:   PxTrTpUn             -0.141  0.064 -0.245 -0.294 
  58:   PxEgv                -0.364  1.535 -0.760  1.639 
  59:   PxPtg                 2.264  1.219 -1.548  2.786 
  60:   Px20AGG              -0.581 -0.548  1.201  0.149 
 
CA object scores (plot: matrix #) 
 
   1:   2                    -0.395  1.148 -1.192 -0.593 
   2:   10                   -0.645 -0.927  1.373 -0.067 
   3:   12                    0.268 -1.341 -0.674 -0.101 
   4:   13                   -0.047  0.495  1.068 -0.663 
   5:   14                    1.145 -0.240  0.464  0.250 
   6:   24                   -0.728 -0.600 -0.279 -0.168 
   7:   45                    1.091 -0.161  1.147  2.155 
   8:   46                   -0.636  0.097  0.807  0.610 
   9:   47                   -0.401  1.593  0.983  0.125 
  10:   63                   -0.682 -0.033  0.235  1.070 
  11:   64                    0.183  1.001 -0.244 -0.163 
  12:   65                   -0.282 -1.426 -0.355 -0.619 
  13:   75                    1.129 -0.466 -0.801 -2.489 
  14:   78                    2.425 -1.054 -0.558  0.611 
  15:   86                    0.677  2.161  1.623 -1.555 
  16:   88                   -0.731 -0.315 -0.379  0.640 
  17:   90                   -0.724  0.229 -0.759  0.489 
  18:   91                   -0.792 -0.183 -0.437  0.234 
  19:   93                    0.927  1.687  1.692 -1.053 
  20:   97                   -0.653  0.067 -0.511  0.585 
  21:   98                   -0.700 -0.209 -0.150  0.975 
  22:   99                   -0.378 -0.421  0.634  0.451 
  23:   100                  -0.469 -0.098  0.570  1.324 
  24:   111                  -0.625 -0.817  1.895 -0.118 
  25:   123                  -0.753  0.467 -0.997  0.431 
  26:   126                  -0.692  0.602 -1.228  0.498 
  27:   131                  -0.623  0.498 -0.542  0.264 
  28:   133                  -0.799 -1.418  0.873 -0.275 
  29:   141                  -0.882 -0.829  0.316  0.108 
  30:   142                  -0.792 -1.263  1.070  0.160 
  31:   143                  -0.823 -1.750  1.133  0.054 
  32:   144                  -0.823 -1.750  1.133  0.054 
  33:   145                  -0.823 -1.750  1.133  0.054 
  34:   146                  -0.813 -1.461  1.112  0.270 
  35:   151                  -0.734  0.238 -0.683  0.796 
  36:   152                  -0.686 -0.299  0.368 -1.163 
  37:   153                  -0.693 -0.292  0.425 -1.229 
  38:   154                  -0.729 -0.493  0.398 -0.679 
  39:   155                  -0.727 -0.443  0.475 -0.758 
  40:   156                  -0.729 -0.493  0.398 -0.679 
  41:   162                  -0.699 -0.172  0.140  0.078 
  42:   165                  -0.723 -0.303  0.295 -0.487 
  43:   167                  -0.607  0.380 -0.331 -0.268 
  44:   170                   1.382  2.988  3.200 -3.086 
  45:   173                  -0.695 -0.360  0.258 -0.737 
  46:   181                   2.187 -0.086  1.673  1.609 
  47:   184                   1.936  3.134  3.077 -0.603 
  48:   185                  -0.649 -0.279  0.024  0.051 
  49:   186                   0.399 -0.501  0.223 -0.067 
  50:   187                  -0.583  1.049 -1.172 -0.522 
  51:   189                   1.536 -0.622 -1.227 -3.211 
  52:   190                  -0.526  0.410 -0.213 -0.606 
  53:   191                  -0.581  0.361 -0.168 -0.718 
  54:   222                  -0.215  1.550 -0.545 -0.708 
  55:   243                  -0.732  0.234 -0.523  0.240 
  56:   248                  -0.431  2.061 -1.014 -0.512 
  57:   251                  -0.621  1.227  0.327 -0.339 
  58:   288                  -0.018  2.177 -1.466  0.713 
  59:   292                  -0.654  0.378 -0.716 -0.709 
  60:   293                  -0.552  1.436 -1.276  1.086 
  61:   294                  -0.557  1.254 -1.049  0.972 
  62:   295                  -0.542  1.456 -1.386  0.945 
  63:   302                  -0.134  0.167 -1.404 -0.849 
  64:   303                  -0.134  0.167 -1.404 -0.849 
  65:   304                   1.761 -1.770 -1.590 -0.798 
  66:   308                  -0.225  0.885 -1.820  0.243 
  67:   309                  -0.094  0.805 -1.742  0.102 
  68:   323                   2.625 -0.680 -1.407  0.525 
  69:   329                   1.615  0.078  0.891  1.344 
  70:   332                   1.815  0.378  0.675  2.541 
  71:   334                   1.141  0.070 -0.919  1.191 
  72:   340                  -0.497  1.232 -1.103  0.220 
  73:   366                   2.193 -0.624 -0.346  0.901 
  74:   368                   1.718 -1.341 -1.254 -1.035 
  75:   369                   1.515 -0.904 -1.377 -1.928 
  76:   370                   1.688 -1.056 -1.498 -1.985 
  77:   402                   1.831  0.497  0.583 -1.982 
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Figure 42:  Sites oriented towards access @ 180° visibility (DMCA) object and variable plots with (2nd 60n) detrend. 
-2 -1 0 1 2 3
-3
-2
-1
0
1
2
3
4
2
10
12
13
14
24
45
46
47
63
64
65
75
78
86
88
90
91
93
97
98
99
100
111
123
126131
133
141
142
14345
146
151
1523
1541556
162
16
167
170
173
181
184
185
186
187
189
190191
222
243
248
251
288
292
293
294
5
3023
304
308309
323
329
332
334
340
366
368
369
370
402
2nd DMCA Orient by Access and 180 Visibil ity Obj.
-2 -1 0 1 2 3 4
-3
-2
-1
0
1
2
3
4
5
  PtBdle5
  Axes
  Toolle5
  Cores
  Cortex
  LgFkle5
  LgMdFks
  SmFkle5
  SmFkg5
  SmMdFks
  WsteFkg2
  Ret_Use
  MSC_Fks
  Q_Fks
  B_FksC ob
  SctterFk
  AGGle5
  AGGl5g20
  AGGge20
  AGline
  AGclustr
  AGdple15
  AGdpg15
  Egvg2
  Elv6_8
  Elv_800
  HhReElv  H2O1_5
  Wells
  Ort_NS
  Ort_EW
  RdHhPk
  RdElvTFt
  ScndFt
  Slpl20
  Slpg20
  NatDemAr
  NatDemFt
  SubMtAr
  Shltr100
  Shltr1km
  RckShltr
  Qry1km
  LwHth
  GrsHth
  Woodlds
  O_RckFce
  HwkStne
  NrrbStne
  Vis1000
  Vis6_1k
  Vis600
  AccSub
  Cmplx_St
  Size100m
  PxMulti
  PxTrTpUn
  PxEgv
  PxPtg
  Px20AGG
2nd DMCA Orient by Access and 180 Visibil ity Var.
Appendix E  BMNP Project Distance Matrix Analysis 452 
Appendix E  BMNP Project Distance Matrix Analysis 
This appendix records the script codes used for the distance matrix analysis (see chapter 7), the use 
factor (use means) counts and site id and match records generated by the SPT 500m model as well as 
the t-Test results.  Codes used to generate the distance array and distance matrix for the BMNP are 
written using the SAS programming language. 
 
5.1  Distance Array 
Table 28:  Distance array script 
libname mylib 'g:\archaeology'; 
data east(keep=siteid amge); 
set mylib.sites; 
proc transpose out=eastt; 
 
data eastdist; 
set eastt; 
array eastd(418) de1-de418; 
array easts(418) col1-col418; 
recno=0; 
  do j=1 to 418; 
    do i=1 to 418; 
      eastd(i)=(easts(j)-easts(i))**2; 
    end; 
  recno+1; 
  output; 
end; 
drop col1-col418; 
proc sort; 
by recno; 
 
data north(keep=siteid amgn); 
set mylib.sites; 
proc transpose out=northt; 
 
data northdst; 
set northt; 
array northd(418) dn1-dn418; 
array norths(418) col1-col418; 
recno=0; 
  do j=1 to 418; 
    do i=1 to 418; 
      northd(i)=(norths(j)-norths(i))**2; 
    end; 
  recno+1; 
  output; 
end; 
drop col1-col418; 
 
proc sort; 
by recno; 
data dists; 
merge eastdist northdst; 
by recno; 
 
array eastd(418) de1-de418; 
array northd(418) dn1-dn418; 
array dist(418) dist1-dist418; 
do i=1 to 418; 
   dist(i)=sqrt(eastd(i)+northd(i)); 
end; 
drop de1-de418 dn1-dn418 _name_ _label_ i j; 
 
data sited; 
set mylib.sites; 
recno=_n_; 
proc sort; 
by recno; 
data mylib.archdist; 
merge sited(in=inone) dists(in=intwo); 
by recno; 
if (inone and intwo); 
run; 
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5.2  Distance Matrix Algorithm 
Table 29:  Distance matrix algorithm for the SPT 500m model. 
Libname mylib 'c:\archaeology'; 
%include 'c:\archaeology\sites.fmt'; 
 
data dists; 
set mylib.archdist; 
siteid=_n_; 
matchrec=_n_; 
genrec=_n_; 
 
proc sort; 
by siteid; 
 
data tmp; 
set dists; 
 
if (px20agg=0 and pxegv=1 and pxptg=0 and pxtrtpun=1)or 
(natdemar=1 and natdemft=1 and scndft=1); 
title 'Special Features 500m Model'; 
 
array dist(418) dist1-dist418; 
array sites(418) site1-site418; 
*array areause(418) use1-use418; 
 
do i=1 to 418; 
  if 0<dist(i)<500 then do; 
    sites(I)=i; 
    if sites(i) ne . then do; 
      matchrec=i; 
      *format matchrec sitefmt.; 
      siteid=matchrec; 
      output; 
    end; 
  end; 
end; 
 
keep siteid genrec; 
*drop site1-site418; 
 
proc sort; 
by siteid; 
 
data toget; 
merge dists(in=inone) tmp(in=intwo); 
if (inone and intwo); 
by siteid; 
 
*if sum (of site1-site418)=. Then delete; 
 
array dist(418) dist1-dist418; 
array sites(418) site1-site418; 
array areause(418) use1-use418; 
use1cnt=0–use9cnt=0; 
 
do i=1 to 418; 
  if (((vis=1 or (natdemar=1 and natdemft=1 and scndft=1) and 
  (aggle5 ne 0 or aggl5g20 ne 0) and agline ne 0 and agdple15 ne 0) or geomic=1) 
  and dist(i)<500) then areause(i)=1;*select; 
  else if ((aggge20=1 or agclustr=1 or agdpg15=1) and dist(I)<=200) then do; 
    areause(i)=7; 
    use7cnt+1; 
  end; 
  else if ((lgfkg5=1 or lgfkle5=1) and dist(i)<=250) then do; 
    areause(i)=8; 
    use8cnt+1; 
  end; 
  else areause(i)=9; 
  
  
 
 
continued 
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continued 
 
if areause(i) in(1,9) then do; 
    if ((egvg2=1 or egvle2=1) and dist(i)<=250) then do; 
      areause(I)=2; 
      use2cnt+1; 
    end; 
    if (rckshltr=1 and dist(i)<=250) then do; 
      areause(I)=3; 
      use3cnt+1; 
    end; 
    if ((ptgg2=1 or ptgle2=1) and ^(stencils=1) and dist(I)<=250) then do; 
      areause(I)=4; *painting only; 
      use4cnt+1; 
    end; 
    if (stencils=1 and ^(ptgg2=1 or ptgle2=1) and dist(i)<=250) then do; 
      areause(I)=5; *stencils only; 
      use5cnt+1; 
    end; 
    if (stencils=1 and (ptgg2=1 or ptgle2=1) and dist(i)<=250) then do; 
      areause(I)=6; *both; 
      use6cnt+1; 
    end; 
    if areause(i)=1 then use1cnt+1; 
    if areause(i)=9 then use9cnt+1; 
  end; 
end; 
 
if sum (of use1cnt-use9cnt) ne 418 
then misscnt=1; 
else misscnt=0; 
 
keep siteid genrec matchrec use1cnt-use9cnt use1-use418 misscnt; 
 
proc sort; 
by genrec matchrec; 
 
proc freq; 
title ' '; 
tables (use1-use418)/ noprint nocol norow nopercent nocum out=usefr; 
by genrec matchrec; 
 
proc print; 
 
run; 
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5.3  Distance Matrix Results 
Table 30:  Use means (and count) output of 500m SPT model for BMNP, use means 1-9 refer to use factors 1-9. 
SPT500m 
Combined 
Observations 
USE1CNT USE2CNT USE3CNT USE4CNT USE5CNT USE6CNT USE7CNT USE8CNT USE9CNT 
1 0 1 0 0 0 0 0 0 0 
2 0 1 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 1 0 
4 0 0 1 0 0 0 0 0 0 
5 0 0 1 0 0 0 0 0 0 
6 0 0 1 0 0 0 0 0 0 
7 0 0 1 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 1 0 
9 1 0 0 0 0 0 0 0 0 
10 1 0 0 0 0 0 0 0 0 
11 1 0 0 0 0 0 0 0 0 
12 0 1 0 0 0 0 0 0 0 
13 0 0 0 0 1 0 0 0 0 
14 1 0 0 0 0 0 0 0 0 
15 0 0 0 0 0 0 0 0 1 
16 0 0 0 0 0 0 0 0 1 
17 0 0 0 0 0 0 0 0 1 
18 0 0 0 0 0 0 0 0 1 
19 0 0 0 0 0 0 0 0 1 
20 0 0 0 0 0 0 0 0 1 
21 0 0 0 0 0 0 0 0 1 
22 1 0 0 0 0 0 0 0 0 
23 1 0 0 0 0 0 0 0 0 
24 1 0 0 0 0 0 0 0 0 
25 1 0 0 0 0 0 0 0 0 
26 1 0 0 0 0 0 0 0 0 
27 1 0 0 0 0 0 0 0 0 
28 1 0 0 0 0 0 0 0 0 
29 1 0 0 0 0 0 0 0 0 
30 1 0 0 0 0 0 0 0 0 
31 1 0 0 0 0 0 0 0 0 
32 1 0 0 0 0 0 0 0 0 
33 0 0 0 0 0 0 1 0 0 
34 0 0 0 0 0 0 1 0 0 
35 1 0 0 0 0 0 0 0 0 
36 1 0 0 0 0 0 0 0 0 
37 1 0 0 0 0 0 0 0 0 
38 1 0 0 0 0 0 0 0 0 
39 1 0 0 0 0 0 0 0 0 
40 1 0 0 0 0 0 0 0 0 
41 0 1 0 0 0 0 0 0 0 
42 0 1 0 0 0 0 0 0 0 
43 0 1 0 0 0 0 0 0 0 
44 1 0 0 0 0 0 0 0 0 
45 1 0 0 0 0 0 0 0 0 
46 1 0 0 0 0 0 0 0 0 
47 1 0 0 0 0 0 0 0 0 
48 1 0 0 0 0 0 0 0 0 
49 1 0 0 0 0 0 0 0 0 
50 1 0 0 0 0 0 0 0 0 
51 1 0 0 0 0 0 0 0 0 
52 1 0 0 0 0 0 0 0 0 
53 1 0 0 0 0 0 0 0 0 
54 1 0 0 0 0 0 0 0 0 
55 1 0 0 0 0 0 0 0 0 
56 1 0 0 0 0 0 0 0 0 
57 1 0 0 0 0 0 0 0 0 
58 0 1 0 0 0 0 0 0 0 
59 1 0 0 0 0 0 0 0 0 
60 0 1 0 0 0 0 0 0 0 
61 0 1 0 0 0 0 0 0 0 
62 0 1 0 0 0 0 0 0 0 
63 1 0 0 0 0 0 0 0 0 
64 1 0 0 0 0 0 0 0 0 
65 1 0 0 0 0 0 0 0 0 
66 0 0 0 0 0 0 0 1 0 
67 0 0 0 1 0 0 0 0 0 
68 0 0 0 1 0 0 0 0 0 
69 1 0 0 0 0 0 0 0 0 
70 1 0 0 0 0 0 0 0 0 
71 1 0 0 0 0 0 0 0 0 
72 1 0 0 0 0 0 0 0 0 
73 1 0 0 0 0 0 0 0 0 
Totals 44 10 4 2 1 0 2 3 7 
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Table 31:  Results of SPT 500m model: output with site id, map reference, generator record number, match record, use 
factor number and site description. 
Code NPWS Site Id. Map Ref.  
Gen. 
Rec. 
NPWS Site Id. 
Map Ref.  
Match 
Rec. 
Use 
Factor Area Name/Site Description 
1 4-0032 
LR 32x 
36 4-0043b 
LR 15 
55 2 Lawson Ridge Blue Mountain Trig Station Area.  Open rock face 
area with grinding grooves and scatters.  Macropod track 
engravings. 
2 4-0035 
LR 11 
41 4-0027 
LR 27 
29 2 Lawson Ridge Blue Mountain Trig Station Area.  Open rock face 
area with grinding grooves.  Snake and foot engraving. 
3 4-0039surf 
LR 39 
48 4-0034 
LR 8 
38 8 Lawson Ridge Blue Mountain Trig Station Area.  Rock shelter 
deposits. 
4 4-0039surf 
LR 39surf 
48 4-0041 
LR 25 
51 3 Lawson Ridge Blue Mountain Trig Station Area.  Open scatter and 
rock shelter deposit. 
5 4-0039surf 
LR 39 
48 4-0043d 
LR 3A 
57 3 Lawson Ridge Blue Mountain Trig Station Area.  Rock shelter 
deposits.  Grinding grooves on ridge above. 
6 4-0039surf 
LR 39 
48 4-0043g 
LR 3 
60 3 Lawson Ridge Blue Mountain Trig Station Area.  Rock shelter 
deposits.  Charcoal drawing in second shelter. 
7 4-0043c 
LR 3 
56 4-0043f 
LR 24 
59 3 Lawson Ridge Blue Mountain Trig Station Area.  Rock shelter 
deposits. 
8 4-0043d 
LR 3A 
57 4-0034 
LR 8 
38 8 Lawson Ridge Blue Mountain Trig Station Area.  Rock shelter 
deposits.  Grinding grooves on ridge above. 
9 4-0043d 
LR 3A 
57 4-0039rid 
LR 39 
47 1 Lawson Ridge Blue Mountain Trig Station Area.  Various 
assemblages of grinding grooves along 4WD track.  
10 4-0043d 
LR 3A 
57 4-0039surf 
LR 39 
48 1 Lawson Ridge Blue Mountain Trig Station Area.  Rock shelter 
deposit with grinding on ridge above.  
11 4-0043d 
LR 3A 
57 4-0041 
LR 14 
51 1 Lawson Ridge Blue Mountain Trig Station Area.  Open scatters and 
grinding grooves along 4WD track. 
12 4-0118 
HH 11 
107 4-0143 
HH 10 
131 2 Hat Hill, Burramoko and Bald Head Ridges.  Stone arrangements 
followed to the north by bird track engravings. 
13 4-0138 
MC 138 
117 4-0134 
MC 134 
112 5 Monkey Creek, Belltrees area.  'Pagoda Formation'  Rock shelter 
with pigment art.    
14 4-0141a 
HH 16 
119 4-0141l 
HH 16A 
130 1 Hat Hill, Burramoko and Bald Head Ridges.  Open scatter 
associated with stone arrangements along Bald Head Ridge. 
15 4-0141l 
HH 16A 
130 4-0141a 
HH 16 
119 9 Hat Hill, Burramoko and Bald Head Ridges.  Open scatter 
associated with stone arrangements along Bald Head Ridge. 
16 4-0141b  
HH 22 
120 4-0141c 
HH 23 
121 9 Hat Hill, Orang Utan Pass, Coolalinga area.  Open scatters above 
ravine associated grinding and engravings. 
17 4-0141b  
HH 22 
120 4-0141d 
HH 21 
122 9 Hat Hill, Orang Utan Pass, Coolalinga area.  Open scatters above 
ravine associated grinding and engravings. 
18 4-0141b  
HH 22 
120 4-0141k 
HH 24 
129 9 Hat Hill, Orang Utan Pass, Coolalinga area.  Open scatters above 
ravine associated grinding and engravings. 
19 4-0141c 
HH 23 
121 4-0141b  
HH 22 
120 9 Hat Hill, Orang Utan Pass, Coolalinga area.  Open scatters above 
ravine associated grinding and engravings. 
20 4-0141c 
HH 23 
121 4-0141d 
HH 21 
122 9 Hat Hill, Orang Utan Pass, Coolalinga area.  Open scatters above 
ravine associated grinding and engravings. 
21 4-0141c 
HH 23 
121 4-0141k 
HH 24 
129 9 Hat Hill, Orang Utan Pass, Coolalinga area.  Open scatters above 
ravine associated grinding and engravings. 
22 4-0141d 
HH 21 
122 4-0141b  
HH 22 
120 1 Hat Hill, Orang Utan Pass, Coolalinga area.  Open scatters above 
ravine associated grinding and engravings. 
23 4-0141d 
HH 21 
122 4-0141c 
HH 23 
121 1 Hat Hill, Orang Utan Pass, Coolalinga area.  Open scatters above 
ravine associated grinding and engravings. 
24 4-0141d 
HH 21 
122 4-0141k 
HH 24 
129 1 Hat Hill, Orang Utan Pass, Coolalinga area.  Open scatters above 
ravine associated grinding and engravings. 
25 4-0141k 
HH 24 
129 4-0141b  
HH 22 
120 1 Hat Hill, Orang Utan Pass, Coolalinga area.  Open scatters above 
ravine associated grinding and engravings. 
26 4-0141k 
HH 24 
129 4-0141c 
HH 23 
121 1 Hat Hill, Orang Utan Pass, Coolalinga area.  Open scatters above 
ravine associated grinding and engravings. 
27 4-0141k 
HH 24 
129 4-0141d 
HH 21 
122 1 Hat Hill, Orang Utan Pass, Coolalinga area.  Open scatters above 
ravine associated grinding and engravings. 
28 4-0141k 
HH 24 
129 4-0141I 
NA 
127 1 Hat Hill, Orang Utan Pass, Coolalinga area.  Open scatters above 
ravine associated grinding and engravings. 
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Code NPWS Site Id. Map Ref.  
Gen. 
Rec. 
NPWS Site Id. 
Map Ref.  
Match 
Rec. 
Use 
Factor Area Name/Site Description 
29 4-0175 
PP 2 
162 4-0173 
PP 7 
157 1 Pinnacles Formation.  Combination structured grinding grooves 
associated with macropod track engravings and rock shelter 
deposit. 
30 4-0175 
PP 2 
162 4-0173a 
PP 12A 
158 1 Pinnacles Formation.  Grinding grooves associated with macropod 
track engravings and rock shelter deposit below main road. 
31 4-0175 
PP 2 
162 4-0174 
PP 1 
161 1 Pinnacles Formation.  Combination structured grinding grooves 
associated with macropod track engravings and rock shelter 
deposit. 
32 4-0175 
PP 2 
162 4-0177 
PP 4 
163 1 Pinnacles Formation. Combination structured grinding grooves 
associated with macropod track engravings and rock shelter 
deposit. 
33 4-0179 
PP 4A 
164 4-0173 
PP 7 
157 7 Pinnacles Formation. Combination structured grinding grooves 
associated with macropod track engravings and rock shelter 
deposit. 
34 4-0179 
PP 4A 
164 4-0174 
PP 1 
161 7 Pinnacles Formation. Combination structured grinding grooves 
associated with macropod track engravings and rock shelter 
deposit. 
35 4-0180 
FT 3 
165 4-0004 
FT 7 
4 1 Flat Top Trig Station area.  Shelter deposit with associated grinding 
grooves.  Formation opposite the Pinnacles. 
36 4-0180 
FT 3 
165 4-0147 
FT 4 
134 1 Flat Top Trig Station area.  Shelter deposit with associated grinding 
grooves.  Formation opposite the Pinnacles. 
37 4-0180 
FT 3 
165 4-0147a 
FT 2 
135 1 Flat Top Trig Station area.  Shelter deposit with associated grinding 
grooves.  Formation opposite the Pinnacles. 
38 4-0180 
FT 3 
165 4-0169 
FT 6 
154 1 Flat Top Trig Station area.  Shelter deposit with associated grinding 
grooves.  Formation opposite the Pinnacles. 
39 4-0180 
FT 3 
165 4-0170 
FT 6A 
155 1 Flat Top Trig Station area.  Shelter deposit with associated grinding 
grooves.  Formation opposite the Pinnacles. 
40 5-0005 
NA 
243 5-0046 
NA 
274 1 Grose Mountain Lookout end of Springwood Ridge.  Grinding 
grooves, rock pools, open deposit (Destroyed). 
41 5-0008 
LD 1-2 
SI-SII 
245 5-2273 
LD 22, 22A 
385 2 Linden Ridge at Dawes Ridge divide.  Bird track and animal outline 
(echidnas) engravings associated with grinding grooves.  Rock 
shelters in vicinity and other engravings (human and track) to the 
north. 
42 5-0009 
NA 
246 5-0011 
NA 
248 2 South Linden, Glenbrook Creek possible roo engravings and axe 
grinding (UP record). 
43 5-0011 
NA 
248 5-0009 
NA 
246 2 South Linden, Glenbrook Creek possible roo engravings and axe 
grinding (UP record). 
44 5-0072 
BG 25 PB 
279 5-0126 
BG 25 
334 1 Woodford Ridge, Bedford Creek.  Stone arrangements, rock shelter 
with limited deposit, associated grinding grooves (axe and spear). 
45 5-0073a 
WR 53A 
281 5-0073c 
WR 55, 56 
283 1 Woodford Ridge, Bedford Creek.  Stone arrangements, rock shelter 
with limited deposit, associated grinding grooves (axe and spear). 
46 5-0073a 
WR 53A 
281 5-0073d 
WR 54 
284 1 Woodford Ridge, Bedford Creek.  Stone arrangements, rock shelter 
with limited deposit, associated grinding grooves (axe and spear). 
47 5-0073a 
WR 53A 
281 5-0078 
WR 52 
289 1 Woodford Ridge, Bedford Creek, Red Wire Saddle.  Stone 
arrangements, rock shelter with limited deposit, associated grinding 
grooves (axe and spear) open scatters. 
48 5-0073b 
WR 57 
282 5-0073d 
WR 54 
284 1 Woodford Ridge, Bedford Creek, Red Wire Saddle.  Stone 
arrangements, open scatters, associated grinding grooves (axe and 
spear). 
49 5-0073c 
WR 55, 56 
283 5-0073d 
WR 54 
278 1 Woodford Ridge, Bedford Creek, Red Wire Saddle.  Stone 
arrangements, rock shelter with limited deposit, associated grinding 
grooves (axe and spear) open scatters. 
50 5-0073c 
WR 55, 56 
283 5-0073a 
WR 53A 
281 1 Woodford Ridge, Bedford Creek, Red Wire Saddle.  Stone 
arrangements, open scatters, associated grinding grooves (axe and 
spear). 
51 5-0073c 
WR 55, 56 
283 5-0073d 
WR 54 
284 1 Woodford Ridge, Bedford Creek, Red Wire Saddle.  Stone 
arrangements, open scatters, associated grinding grooves (axe and 
spear). 
52 5-0073c 
WR 55, 56 
283 5-0078 
WR 52 
289 1 Woodford Ridge, Bedford Creek, Red Wire Saddle.  Stone 
arrangements, rock shelter with limited deposit, associated grinding 
grooves (axe and spear). Tobys Glen diatreme. 
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Code NPWS Site Id. Map Ref.  
Gen. 
Rec. 
NPWS Site Id. 
Map Ref.  
Match 
Rec. 
Use 
Factor Area Name/Site Description 
53 5-0073d 
WR 54 
284 5-0071 
WR 51 
278 1 Woodford Ridge, Bedford Creek, Red Wire Saddle.  Stone 
arrangements, rock shelter with limited deposit, associated 
grinding grooves (axe and spear). Tobys Glen diatreme. 
54 5-0073d 
WR 54 
284 5-0073a 
WR 53A 
281 1 Woodford Ridge, Bedford Creek, Red Wire Saddle.  Stone 
arrangements, rock shelter with limited deposit, associated 
grinding grooves (axe and spear). 
55 5-0073d 
WR 54 
284 5-0073b 
WR 57 
282 1 Woodford Ridge, Bedford Creek, Red Wire Saddle.  Stone 
arrangements, rock shelter with limited deposit, associated 
grinding grooves (axe and spear). 
56 5-0073d 
WR 54 
284 5-0073c 
WR 55, 56 
283 1 Woodford Ridge, Bedford Creek, Red Wire Saddle.  Stone 
arrangements, rock shelter with limited deposit, associated 
grinding grooves (axe and spear). 
57 5-0073d 
WR 54 
284 5-0078 
WR 52 
289 1 Woodford Ridge, Bedford Creek, Red Wire Saddle.  Stone 
arrangements, rock shelter with limited deposit, associated 
grinding grooves (axe and spear). Tobys Glen diatreme. 
58 5-0075 
BG 25B 
286 5-0205d 
WR 10A 
340 2 Woodford Ridge, Bedford Creek, The Wheel.  Rock shelters with 
limited deposit, associated grinding grooves and some pigment art 
in vicinity. 
59 5-0075 
BG 25B 
286 5-0126 
BG 25 
334 1 Woodford Ridge, Bedford Creek, The Gully Gallery.  Rock shelters 
with limited deposit, associated grinding grooves and some 
pigment art in vicinity. 
60 5-0080 
WR 43 S II 
293 5-0081 
WR 41A 
294 2 Woodford Ridge, St Helena Ridge, Goonaroi Ridge.  Related sets 
of roo track engravings. 
61 5-0080 
WR 43 S II 
293 5-0082 
WR 41 S I 
295 2 Woodford Ridge, St Helena Ridge, Goonaroi Ridge.  Related sets 
of roo track engravings. 
62 5-0081 
WR 41A 
294 5-0080 
WR 43 S II 
293 2 Woodford Ridge, St Helena Ridge, Goonaroi Ridge.  Related sets 
of roo track engravings. 
63 5-0082 
WR 41 S I 
295 5-0080 
WR 43 S II 
293 1 Woodford Ridge, St Helena Ridge, Goonaroi Ridge.  Related sets 
of roo track engravings. 
64 5-0091 
SH 9 
308 5-0088 
SH 7 
303 1 St Helena Ridge.  Stone arrangements with associated open 
scatters. 
65 5-0091 
SH 9 
308 5-0089 
SH 4 
304 1 St Helena Ridge.  Stone arrangements with associated open 
scatters. 
66 5-0103 
RH 1 
319 5-0102 
WH 2A 
318 8 Red Hands Ridge.  Stone arrangements, grinding grooves, limited 
deposit associated with hand stencils. 
67 5-0108 
EC 23 
324 5-0108a 
EC 9A 
325 4 Euroka Clearing diatreme.  Rock shelter with charcoal drawings 
and limited deposit in association with grinding and open scatters. 
68 5-0108 
EC 23 
324 5-0296 
EC 9 
350 4 Euroka Clearing diatreme.  Rock shelter with charcoal drawings 
and limited deposit in association with grinding and other shelters. 
69 5-0126 
BG 25 
334 5-0072 
BG 25 PB 
279 1 Woodford Ridge, Bedford Creek, The Wheel.  Rock shelters with 
limited deposit, associated grinding grooves, stone arrangements. 
70 5-0126 
BG 25 
334 5-0075 
BG 25B 
287 1 Woodford Ridge, Bedford Creek, The Wheel.  Rock shelters with 
limited deposit, associated grinding grooves, stone arrangements. 
71 5-0205d 
WR 10A 
340 5-0075 
BG 25B 
286 1 Woodford Ridge, Bedford Creek, The Wheel.  Open scatters, 
associated grinding grooves and some pigment art in vicinity. 
72 5-0205d 
WR 10A 
340 5-0205g 
WR 10 
343 1 Woodford Ridge, Bedford Creek, The Wheel.  Open scatters, 
associated grinding grooves and some pigment art in vicinity. 
73 5-0205g 
WR 10 
343 5-0205d 
WR 10A 
340 1 Woodford Ridge, Bedford Creek, The Wheel.  Open scatters, 
associated grinding grooves and some pigment art in vicinity. 
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Table 32:  t-Test output for SPT 500m model BMNP Project. 
 
Use Factor USE1CNT USE2CNT USE3CNT USE4CNT USE5CNT USE6CNT USE7CNT USE8CNT USE9CNT 
SPT500 Totals 44 10 4 2 1 0 2 3 7 
 Mean 0.6027397 0.1369863 0.0547945 0.0273973 0.0136986 0 0.0273973 0.0410959 0.0958904 
 STDEV 0.4927171 0.3462124 0.2291537 0.1643677 0.1170411 0 0.1643677 0.1998858 0.2964786 
           
BMNP Totals 239 13 80 39 9 13 62 122 16 
 Mean 0.4030354 0.0219224 0.1349073 0.0657673 0.0151771 0.0219224 0.1045531 0.2057336 0.0269815 
 STDEV 0.4909219 0.1465539 0.3419129 0.2480841 0.12236 0.1465539 0.3062351 0.4045779 0.162166 
           
t-Test 
 
t-Test 
Unequal  
2 tail 
0.0017023 0.0063329 0.0092689 0.0805778 0.9195123 0.0002935 0.0010087 4.761E-08 0.0547677 
 Normsinv -3.1378295 -2.7300121 -2.6019552 -1.7473394 -0.1010483 -3.6205165 -3.2881508 -5000000 -1.9207164 
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Plate 1:  View of Mt. Banks (Banks Walls) looking east from Perrys Lookdown (Hat Hill) providing a cross-section of 
most of the geological layers for the Upper Blue Mountains. 
 
 
 
Plate 2:  View looking southeast from Perrys Lookdown (Hat Hill) of Grose River Gorge with Mt. Banks ending on the 
far left, Explorers Range in the distance, Edgeworth David Head at the end of the ridge in the center and Mt. Hay along 
Mt. Hay Wall in the distance right of the center. 
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Plate 3:  View looking west-northwest from Mt. Hay with the Blue Gum Forest down in the Grose River Gorge in the 
center, Explorers Wall right of the center in the foreground and the eastern face of Mt. Banks on the right, Blackheath 
Walls and Orang Utan Pass are in the distance, left of center, and Hat Hill can be seen to jut above the walls on the ridge 
left of center. 
 
 
 
Plate 4:  View looking northeast standing on top of the Hat Hill’s primary engraving site (NPWS ID 45-4-0141, Map ref. 
HH12, Plate 5) with Mt. Banks in the background, the direction of the photograph is the same as the direction of the 
engraved tracks on the sandstone platform.   
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Plate 5:  View looking northeast over Hat Hill’s primary engraving site (NPWS ID 45-4-0141, Map ref. HH12), a series of 
3 and 4-toed (bird?) tracks runs in a line towards the northeast and Mt. Banks (Plate 4), Hat Hill wraps around the site to 
the south and west. 
 
 
Plate 6:  4-toed (lyre bird?) tracks from Hat Hill’s primary engraving site (NPWS ID 45-4-0141, Map ref. HH12, Plate 5). 
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Plate 7:  Close up of a 3-toed (emu?) track from the north eastern portion of Hat Hill’s primary engraving site (NPWS ID 
45-4-0141, Map ref. HH12, Plate 5). 
 
 
Plate 8:  Pinnacles’ engraving site (NPWS ID 45-4-0179 Map ref. PP4A), looking northeast from the main cluster of 
grinding grooves between the Pinnacles’ towers (NPWS ID 45-5-0173 Map ref. PP1, 4, 7) the engravings are found on the 
foreground spur right of the exposed rock platform which juts up as the spur drops into the ravine, Mt Hay is seen in the 
distance, left of center. 
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Plate 9:  Pinnacles’ engraving site (NPWS ID 45-4-0179 Map ref. PP4A) on northern spur of the Pinnacles formation 
(Plate 8), main series of tracks is found in the smooth exposed Hawkesbury Sandstone pan marked by a one meter tape 
measure.  Mt. Hay is in the distance with the photograph facing northeast.   
 
 
 
Plate 10:  Pinnacles’ main camp (NPWS ID 45-4-0173 Map ref. PP1, 3, 7) looking directly north towards Mt. Banks in the 
distance.  The camp consists of large clusters of grinding grooves found on all exposed Hawkesbury Sandstone outcrops 
in the foreground.  Small lithic scatters are found on the eastern portion of the western tower, far left in the photograph. 
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Plate 11:  Flat Top’s main shelter (Map ref. FT 4, 4A) on the western portion of the butte just below the summit.  The 
shelter has a northwest aspect. 
 
Plate 12:  View from Flat Top’s main shelter (Map ref. FT 4, 4A) looking directly north towards Mt. Banks in the 
distance.  The Pinnacles are hidden from view (to the northeast). 
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Plate 13:  Woodford Bora Ground’s southern rock wells (Map ref. 22, 22A).  The photograph is facing the southwestern 
edge of the rock platform.  
 
 
 
Plate 14:  Woodford Bora Ground’s northern rock well (Map ref. WR 11 PA).  Photograph is facing north. 
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Plate 15:  Woodford Bora Ground’s southern stone arrangement (NPWS ID 45-4-0071 Map ref.  BG 25 PB) marking the 
perimeter of the rock platform.  Photograph is facing northwest. 
 
 
Plate 16:  Long and narrow ‘spear sharpening’ grooves (Map ref. BG 14) southeast of the Woodford Bora Ground. 
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Plate 17:  Woodford Range pigment art shelter (NPWS ID 45-5-0205 Map ref. BG23) southeast of the Bora Ground.  A 
series of five north facing shelters located just below the ridgeline on a spur opposite the Bora Ground.  Figures consist of 
animal, human and loop figures drawn in charcoal and red ochre. 
 
 
Plate 18:  Woodford Range pigment art shelter cave 5 (NPWS ID 45-5-0205 Map ref. BG23) with animal (wombat ? or 
echidna?) infill figure and European graffiti on adjoining (right) rock surface.  (Photo: NPWS site files) 
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Plate 19:  Tobys Glen shelter with a small cache of stone tools (Map ref. WR 52).  The shelter is facing southeast and is 
found opposite Red Wire Saddle in a series of shelters surrounding the outer ring of the diatreme just below the 500m 
contour line. 
 
 
Plate 20:  Pair of deep axe grinding grooves opposite a dry rock pool, typical for the region, found on Woodford ridge 
near the Circles (Map ref. WR 33A). 
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Plate 21:  The Circles (NPWS ID 45-5-0077 Map ref. WR 31) on the Woodford Range at the junction with Western Ridge 
on top of a precipitous ridge with views of the surrounding area and into the valley below containing Coolona Brook and 
Bedford Creek. 
 
 
Plate 22:  The Circles’ main camp (rock platform) looking southwest from the engraving (Map ref. WR 31), the 
undulating sandstone platform contains many rock pools with numerous grinding grooves distributed over the site.  A 
fire trail, visible in the far left of the photograph, now cuts through the eastern portion of the camp and has resulted in 
some damage to the site. 
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Plate 23:  Emu engraving at Ticehurst Park Faulconbridge (NPWS ID  45-5-0015 Map ref. F 3) part of a small series of 
emus, grinding grooves, rock wells and mundoes on a west facing rock platform overlooking Linden Creek. 
 
 
Plate 24:  Mundoe (wombat track?) engraving at Ticehurst Park Faulconbridge (NPWS ID  45-5-0015 Map ref. F 3) part 
of a series of six tracks distributed around the west facing rock platform.  
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Plate 25:  Nepean River looking north from the Portal (Glenbrook Creek  junction in the foreground) with Regentville in 
the distance on the right (east) bank of the river just before the freeway bridge.  The sharp contrast between the 
Cumberland Plain and the eastern foot of the Blue Mountains is clearly evident. 
 
 
Plate 26:  Nepean River looking south from Pisgah Ridge towards the sharp bend at Nortons Basin just before 
Warragamba dam at the southeast corner of the BMNP study region.  The photograph displays the topographic 
dissection (relatively low, c.100m) typical of the eastern (lower) mountains. 
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Plate 27:  Red Hands Cave (NPWS ID 45-5-0103 Map ref. RH 1) with hand prints and stencils.  A loop figure in the right 
of the photograph is similar to charcoal loop figures near the Woodford Bora Ground. 
 
 
Plate 28:  Red Hands Cave (NPWS ID 45-5-0103 Map ref. RH 1) with red hand stencils interspersed with a ‘banana’ infill 
figure (upper left) and twin loop figures (lower right). 
